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EFCOMBINANT THROM PTN RKTEPTOR 
AND RELAT ED PHARMACEUTICALS 



10 

Tgr^nH ral Field 

The invention relates to materials involved in 
the control of the cardiovascular system, and in 
15 particular to activities mediated by thrombin and its 
cellular receptor- More specifically, it concerns 
recombinant materials useful for production of the 
thrombin receptor, use of the receptor as a diagnostic 
tool, and therapeutic agents which either stimulate or 
20 block thrombin receptor activation and diagnostic 
compositions relevant to the receptor. 

Background Art 

- Thrombin is a l>Werfm~iea^of ~in regurafliig^CKe- 

25 state of the cardiovascular system. It is clear that 
thrombin aids in the formation of blood clots by 
catalyzing the conversion of fibrinogen to fibrin, which 
is an integral part of most clots. In addition, thrombin 
is known to act directly on cells in the blood and in the 
3 0 interior blood vessel wall, and specifically to activate 
platelets to form clots. Thrombin- induced platelet 
activation is particularly important for arterial 
thrombus formation, a process that causes myocardial 
infarction and some forms of unstable angina and stroke. 
35 In addition, thrombin promotes inflammation and other 
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cellular activities. Thrombin is chemotactic for 
monocytes, mitogenic for lymphocytes, and causes 
endothelial cells to express the neutrophil adhesive 
protein GMP-140 on their surfaces- and inhibits the growth 
5 of these cells. Thrombin elicits platelet -derived growth 
factor from the endothelium and is a mitogen for 

mesenchymal cells. 

Because thrombin is capable of direct 
activation of cells, it is assumed that at least one 

10 thrombin receptor exists. However, it has not been 

possible to detect the presence of thrombin receptor by 
traditional binding studies, since thrombin is capable of 
binding a large number of materials present on cells 
which do not directly mediate the cellular responses to 

15 thrombin, and thus the background levels of binding are 

prohibitively high. 

The thrombin -binding proteins that have been 
identified do not seem to function as transduction 
molecules (Gronke, R.S.. et al., J Biol Chem (1987) 

20 2^2:3030-3036; Okamura, T. f et al., ,T Biol Chem , (1978) 
251:3435). Modified thrombins that are physiologically 
inactive seem to bind to platelets in the same way as 
- thrombin itself . Thus , the- binding . sites identif.ie<0?y__ 

traditional binding studies may not be related to 

25 functional thrombin receptors. Also, since thrombin is a 
protease, if the receptor were proteolytically cleaved by 
the interaction with thrombin, the receptor's ability to 
bind tightly to thrombin would be decreased. All of the 
foregoing factors suggest that traditional binding 

30 studies in an effort to find a thrombin receptor might 
ultimately be unproductive. 

While it has been assumed that a thrombin 
receptor might exist, it has been unclear, even from the 
studies conducted so far, whether proteolytic cleavage by 

35 thrombin is involved in its receptor activation. When 
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thrombin is created with reagents which covalently modify 
and render it proteolytically inactive, its ability to 
stimulate platelets is abolished (Berndt, M.C., et al ♦ , 
"Platelets in Biology and Pathology" (1981) 
5 Elsevier/North Holland Biomedical Press, pp. 43-74; 

Martin, B.M. , et ah, Biochemistry (1975) 14 :1308-1314; 
Tollefsen, D.M., et al., J Biol Chem (1974) 24£:2646- 
2651; Phillips, D.R. , Thrombin Diath Haemorrh (1974) 
32:207-215; Workman, E.F., et al . , J Biol Chem (1977) 
10 252:7118-7123; Greco, N.J. , et al . , Blood (1990) 7£:1983- 
1990) . The modified forms of thrombin described in the 
reports above contain bulky or charged moieties that 
occupy the active site and also obscure additional 
regions of the surface of thrombin that bind substrate 
15 (Bode, W. , et al . , Embo J (1989) 1:3467-3475). Some of 
the chemically-modified thrombins do not, in fact, block 
thrombin- induced platelet -activation and one modified 
nonproteolytic thrombin which does block platelet 
activation, D-phenylalanyl-L-prolyl-L-arginyl 
20 chloromethyl ketone (PPACK) thrombin fails tobind 

substrate. Thus, it cannot be concluded that a lack of 
protease activity accounts for failure to activate 
platelets. 

During" the c our : s e c "f~The " w^ the 
present application, two groups have reported that 
messenger RNA prepared from thrombin -responsive cell 
lines, when microinjected into Xenopus oocytes, conferred 
thrombin responsiveness on the oocytes. The mRNA was 
prepared either from a hamster lung fibroblast, cell line, 
CCL39 (Van Obberghen- Schilling, E . , et al., FEBS better? 
(1990) 262:330-334) or from human umbilical venous 
endothelial cells (Pipili-Synetos, E . , et al . , Biochem 
Biophvs Res Commun (199S~)--170:: 913 - 919 ) . 

The identification and characterization of the 
thrombin receptor, as described herein, permits the 
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design of systems and substances which can regulate 
thrombosis in the cardiovascular system. In addition, 
new diagnostic reagents for assessing cardiovascular 
status are provided by this work. 

5 

nja rlnsure i-he Invention _ 

The invention provides methods and materials 
useful in the regulation of the cardiovascular system in 
n^is. The isolation, recombinant production, and 

10 characterization of the thrombin receptor 

surfaces of cells activated by thrombin permits effective 
regulation of these functions. 

Thus, in one aspect, the invention is directed 
co recombinant materials associated with the production 

,5 of thrombin receptor. These include, for example 

~ transfected cells which can be cultured so as to display 
the thrombin receptor on their surfaces, and thus provide 
an assay system for the interaction of materials with 
native thrown receptor. These cells, or peptides which 

20 represent relevant portions of the receptors, can be used 
as diagnostics to determine the level of thrombin m 
samples, as well as screening tools for candidate 

substances-which af f ect-thrombin activity, in^ivo.. --- 

in another aspect, the invention is directed to 

25 thrombin receptor agonists which mimic the activated form 
of the extracellular portion of the receptor protein. 
These agonists are useful in encouraging platelet 
aggregate formation, for example, in localized 
application at internal bleeding sites of hemophiliacs. 

30 The agonists also mimic thrombin's ability to stimulate 
fibroblast proliferation and thus may be useful m 
promoting wound healing. 

In still another aspect, the invention is 
directed to thrombin receptor antagonists. These 

35 antagonists comprise modified forms of thrombin receptor 
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agonist peptides which lack the essential features 
required for activation of the receptor. These 
antagonists bind to receptor, do not activate it, and 
prevent receptor activation by thrombin. 
5 A second group of compounds of the invention 

that antagonize the action of thrombin are, in effect, 
thrombin inhibitors. This group includes mimics of the 
receptor which would ordinarily represent cleavage and 
thrombin -binding regions of the receptor, including 

10 noncleavable peptides and peptides with enhanced binding 
for thrombin. These peptides are capable of binding 
directly to thrombin so as to diminish the levels of 
thrombin capable of binding to receptor. They thus 
diminish or prevent thrombin-mediated events such as 

15 thrombin- induced platelet aggregation, fibrinogen 
clotting and cell proliferation. 

A third group of compounds which behave as 
antagonists blocks the binding of thrombin to its 
r3ceptor by providing alternate anionic regions to 

2 0 replace those of the thrombin receptor. These 

antagonists are mimics of the anionic region included in 
the thrombin-binding portion of the receptor. These 
antagonists also bind to thrombin, thereby preventing 

ttiroii±aTrt^rera^ 

25 Conversely, alternate cationic regions which 

mimic those present in the thrombin ligand can be 
included in antagonists which occupy the binding region 
of the receptor and thus prevent binding of thrombin. 

A fifth group of antagonists will include 
30 * antibodies which are designed to bind specific regions of 
receptor protein. In general, these are monoclonal 
antibody preparations which are highly specific for any 
desired region^ of_ the thrombin receptor. The antibodies 
of the invention are also useful in immunoassays for the 
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fnr examD i e in assessing successful 
receptor protein, for example m 

= assay systems which utilize recombinant thrombin receptor 
" sLeL for agonists ana antagonists. Some systems 
Z^Z L us/of the agonist peptides to screen t =r 

antagonists which inhibit the «~"^'^ B M the 
Another aspect of the invention relates to 

diagnosis of cardiovascular disease by 

^osis. another ^fl^JZ^VlX^ 
invention is visualisation Md iIoaglng 

SLrSS ^ - 9 --ies specific to the 

activated receptor. 

Additional aspects of the invention are 
erected to pharmaceutical compositions containing the 
compounds of the inventi -^~» ligation of 

ch e thrombin receptor are indicatl0 ns 
are helpful in a «nety o. =^ concexc cf 

2£ including treatment o: abrupt ^ concexI 
angioplasty the treatment o ~« ^ ^ 

of angioplasty, the and treatment of some 

treatment of myocardial infarctio 

form* of thrombotic or thromboembolic strode. The 
forms w d lone or in 

3 r compounds of the invention can be u 

combination with other therapeutic agents such a- 

urokinase and tPA. 
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grief Description of the Drawings 

Figure 1 shows the DNA and deduced amino acid 
sequence of a human thrombin receptor. 

Figure 2 shows a proposed model of thrombin 
5. receptor activation based on the deduced amino acid 
sequence. 

Figure 3 shows a comparison of amino acid 
sequences for the cleavage site and exosite binding 
domains deduced from the cDNA encoding human thrombin 
10 receptor and from the cDNA encoding murine thrombin 
receptor. Also shown is the relevant portion of the 
hirudin sequence. 

Figure 4 shows platelet response to agonist 

peptide. 

15 Figure 5 shows the mitogenic effect of an 

agonist peptide of the invention on fibroblasts. 

Figures 6A, 6B and 6C show the effects of three 
thrombin inhibitor peptides on thrombin- induced platelet 
activation. 

20 Figure 7 shows the effect of mutant thrombin on 

platelet ATP secretion stimulated by thrombin. 

Figure 8 shows the increase in thrombin needed 

___r_p overcome i nhibition o f platelet ATP secretion by 

mutant thrombin. 
25 Figure 9 shows the effect of thrombin on 

platelet ATP secretion by varying concentrations of 
thrombin mutant. 

Modes of Carrying Out the Invention 

30 The characteristics of the thrombin receptor 

elucidated by the invention herein are .summarized in 
Figures l and 2. Figure 1 shows the complete DNA 
sequence of the clone encoding the receptor along with 
the deduced amino acid sequence. The entire amino acid 

3 5 sequence contains 425 amino acids, including a 24 cr 2: 
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. , c , anal geauence which provides an 
amino acid signal sequ MUXB receptor protein. 

s receptor is a member of long (appr oximately 

-r,T- family and has a relative * 

gly co S ylation. *^ 1£ * wich cyst eine-2S4 in che 
tM firs, ^ ^ be analogous to rhodopsin 

second extracellular lo posed model of the IB 

^.j s-2 adrenergic receptor. 

^ receptor is shown in ^ . 

Re f erring agar to P gur - ^ ^ ^ 
catalyzed cleavage «» s rep ^ ^ ^ 

linkage at positions 41 and 4 ^ o{ ^ 

results in the liberacio P» 

receptor designated an act! • cleavage 
f rom position i of the mature peptide to ^ ^ 

siC e. The precise processing site ^ ^ 

tao «n and thus the N- terminus of ^ ^ arglnine 

so mewhac uncertain. However. - P^ ^^i^ 

residue at .positipn ^ pR . me precise 

h T o r: b :Ttrrln:rruni»portant for the design 
location of tne -activation 
o£ ch6 compounds of the inven J ^ kidoey 

and possibly con activation by thrombin. 

as an index to platel a « destined t o be cleaved 

^iT th clea^ge site-binds to thrombins 
by thrombm--i.e.. t ^ ^.^ . s contal!ied m 

active si^e 

/noxyamon no« ,^ ^ binds 

an extend ^"^^ ^ ^ 
large substrates via hydr P to b& 

charge interactions, Typically, the 
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cleaved interacts with the amino acids of the active 
site, while sequences carbcxyl to this cleavage site 
interact with the more extended "anion binding exosite." 
The thrombin receptor contains the anionic sequence 
5 YEPFWEDEE at positions 52-60, as shown in Figure 1. This 
region is just carboxyl to the cleavage site between 
positions 41 and 42. The location and the composition cf 
this YEPFWEDEE sequence (aromatic/hydrophobic residues 
and anionic residues) strongly suggest that this sequence 

ID contains regions that mediate thrombin binding to the 
receptor via thrombin's anion-binding exosite. This 
hypothesis is confirmed hereinbelow by showing that 
peptides representing at least a portion of this region 
of the receptor bind thrombin and inhibit its actions. 

15 This observation also predicts that polycationic 

substances that bind to this portion of the receptor may 
block thrombin binding and receptor activation. 

Release of the activation peptide permits 
refolding of the receptor protein to activate the 

20 receptor. This is shown schematically in Figure 2, which 
also shows that the conformational changes resulting from 
the liberation of the activation peptide and refolding 
results in snrraeellular conformati onal chan ge of the 
receptor. This hypothesis is confirmed by the finding 

25 that the thrombin receptor can be activated by a peptide 
mimicking the new amino terminus created by the 
activation. Accordingly, mimics of the N- terminus of the 
new amino terminus on the activated receptor behave as 
agonists therefor. The importance of the first two amine 

30 acids in the newly created amino terminus in the receptor 
for receptor activation has also been confirmed 
hereinbelow. Switching the positions of the amino 
terminal serine and phenylalanine results in complete 
loss of agonist activity for the above agonist peptides. 

35 Based on this information, and by analogy with the 
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mechanisms underlying trypsinogen activation to trypsin, 
it appears that the positively charged amino group on 
serine that is newly exposed when thrombin cleaves the 
receptor plays an important role in receptor activation. 
5 peptides based on the agonist peptide sequence that bind 
the thrombin receptor but are modified to be lacking the 
a-amino group can function as antagonists of the thrombin 
receptor. Thus, modifications of the agonist peptides 
which lack the capacity for specific activating 
10 interaction serve as thrombin receptor antagonists. 



Compounds of the Invention 

The nomenclature used to describe the peptide 
compounds of the invention follows the conventional 

15 practice where the N- terminal amino group is assumed to 
be to the left and the carboxy group to the right of each 
amino acid residue in the peptide. In the formulas 
representing selected specific embodiments of the present 
invention, the amino- and carboxy- terminal groups, 

20 although often not specifically shown, will be understood 
to be in the form they would, assume at physiological pH 
values, unless otherwise specified. Thus, the N- terminal 
H + 2 and C- terminal O" at physiological pH are understood 
to be present though not necessarily specified and shown, 

25 either in specific examples or in generic formulas. Free 
functional groups on the side chains of the amino acid 
residues can also be modified by amidation, acylation or 
other substitution, which can, for example, change the 
solubility of the compounds without affecting their 

30 activity. 

In the peptides shown, each gene -encoded 
residue, where appropriate, is represented by a single 
letter designation, corresponding to the trivial name of 
the amino acid, in accordance with the following 
35 conventional list: 
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One-Letter Three-letter 
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Amino Acid 


Svmbol 


Symbol 


Alanine 


A 


Ala 


Arginine 


R 


Arcr 


Asparagine 


N 


Aon 
noil 


Aspartic acid 


D 


Asp 


Cysteine 


C 


Cys 


Glutamine 


Q 


Gin 


Glutamic acid 


E 


L?XU 


Glycine 


G 


Gl v 

wii y 


Histidine 


H 


His 


Isoleucine 


T 

-l. 


x j.e 


Leucine 


T, 


Lieu 


Lysine 


K 


Lys 


Methionine 


M 


IMC C 




F 


Phe 


Proline 


P 


Pro 


Serine 


S 


Ser 


Threonine 


T 


Thr 


Tryptophan 


W 


Trp 


Tyrosine 


Y " 


Tyr 


Valine 


V 


Val 





abbreviated as indicated in the discussion below. 

In the specific peptides shown in the present 
application, the L-form of any amino acid residue having 
an optical isomer is intended unless the D-form is 
expressly indicated by a dagger superscript 

The compounds of the invention are peptides 
which are partially defined in terms of amino acid 
residues of designated, classes . Amino acid residues can 
be generally subclassif ied into four major subclasses as 
follows: 
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Acidic: The residue has a negative charge due 
to loss of H ion at physiological P H and the residue is 
attracted by aoueous solution so as to seek the surf ace 
positions in the conformation of a peptide in which it xs 
5 contained when the. peptide is in aqueous medium at 

physiological pH. 

Basic: The residue has a positive charge due 
to association with H ion at physiological pH and the 
residue is attracted by aqueous solution so as to seek 

10 the surface positions in the conformation of a peptide in 
which it is contained when the peptide is in aqueous 
medium at physiological pH. 

Neutral/nonpolar: The residues are not charged 
at physiological P H and the residue is repelled by 

15 aqueous solution so as to seek the inner positions xn the 
conformation of a peptide in which it is contained when 
the peptide is in aqueous medium. These residues are 
also designated "hydrophobic" herein. 

Neutral/polar: The residues are not charged at 

20 physiological pH, but the residue is attracted by aqueous 
solution so as to seek the outer positions xn the 
conformation of a peptide in which it is contained when 

the peptide is. in aqueous medium,. 

It is understood, of course, that in a 

25 statistical collection of individual residue molecules 
some molecules will be charged, and some not, and there 
will be an attraction for or repulsion from an aqueous 
medium to a greater or lesser extent. To fit the 
definition of "charged," a significant percentage (at 

30 least approximately 25%) of the individual molecules are 
charged at physiological pH. The degree of attraction or 
repulsion required for classification as polar or 
nonpolar is arbitrary and, therefore, amino acxds 
specifically contemplated -by- the invention have been 

3 c classified as one or the other. Most amino acids not 
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specifically named can be classified on the basis of 
known behavior. 

Amino acid residues can be further 
subclassif ied as cyclic or noncyclic, and aromatic or 
5 nonarpmatic, self-explanatory classifications with 
respect to the side chain substituent groups of the 
residues, and as small or large. The residue is 
considered small if it contains a total of 4 carbon atoms 
or less, inclusive of the carboxyl carbon. Small 
10 residues are, of course, always nonaromatic. 

For the naturally occurring protein amino 
acids, subclassif ication according to the foregoing 
scheme is as follows. 

15 Acidic ; Aspartic acid and Glutamic acid; 

Raa i c /noncvc lie : Arginine, Lysine; 
Basic /cyclic : Histidine; 



20 



25 



30 



NRiit-ral/pnlar /small : Glycine, serine, 
cysteine; 



Neutral /nonpoiar/small : Alanine ; 

NPutral/pnlar/lar gp/nnnaromatic : Threonine , 
Asparagine, Glutamine; 

Neutral/pnlar/lar op aromatic: Tyrosine; 

^Pimral /nnnnolar /larae/p nnaromatic : Valine, 
Isoleucine, Leucine, Methionine; 



35 



Neutral /n nnpnlar/larae/aromatiC: 
Phenylalanine, and Tryptophan. 
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25 



30 



The gene -encoded secondary amino acid proline, 
although technically within the group 
neutral/nonpolar/large/ cyclic and nonaromatic, is a 
special case due to its known effects on the secondary 
conformation of peptide chains, and is not, therefore, 
included in this defined group. 

Certain commonly encountered amxno acxds, whxch 
are not encoded by the genetic code, include, for 
example, beta-alanine (beta-Ma), or other omega-am.no 
acids, such as 3-amino propionic, 4-amino butyric and so 
forth, alpha-aminisobutyric acid (Aib) . sarcosxne (Sar) . 
ornithine (Orn) , citrulline (Cit) , t-butylalanxne 
(t-BuA) , t -butylglycine (t-BuG) , N-methylisoleucxne 
(N-Melle) , phenylglycine (Phg) , and eye lohexyl alanine 
(Cha), norleucine (Nle) , cysteic acid (Cya) 2 " 
naphthylalanine (2-Nal) ; 1. 2 , 3 , 4-tetrahydroisoc^inolxne- 
3 -carboxylic acid (Tic); fi-2- thienylalanxne (Thx) ; and 
me thionine sulfoxide (MSO) . These also fall convenxently 
into particular categories. 

Based on the above definitions, 

Sar and beta-Ala and Aib are neutral /nonpolar/ 

small-;- ^ ^ N . M eIle, Nle, Mvl and Cha are 

neutral/nonpolar/large/nonaromatic ; 

Orn is basic/noncyclic; 

Cya is acidic; 

Cit, Acetyl Lys, and MSO are neutral /polar/ 
large/nonaromatic; and 

Phg, Nal, Thi and Tic are 
neutral/nonpolar/large/ aromatic. 

The various omega- amino acids are classifxed 
according to size as neutral /nonpolar /small (beta-Ala, 
i e , i-aminopTopionic, 4-aminobutyric) or large (all 



35 others) . 
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Other amino acid substitutions of those encoded 
in the gene can also be included in peptide compounds 
within the scope of the invention and can be classified 
within this general scheme according to their structure.. 
5 All of the compounds of the invention, when an 

amino acid forms the C- terminus, may be in the form of 
the pharmaceutical^ acceptable salts or esters. Salts 
may be, for example, Na + , K + , Ca +2 , Mg +2 and the like; 
the esters are generally those of alcohols of 1-6C. 



10 



A. Agonists 

The agonists of the invention comprise a series 
of peptides of the formula 

15 AA x -AA y - (AA i ) n -Z (D 

wherein AA X is a small amino acid or threonine, 
preferably selected from ser, ala, gly and, and thr and 
AAy is a neutral /nonpolar/aromatic amino acid residue or 
2 0 is a neutral/nonpolar/large/nonaromatic amino acid 
containing a cyclic portion (preferably a neutral/ 
nonpolar/aromatic amino acid residue) ; 

wherein AA represents an amino acid residue and 
tfie~subscT^ 

2 5 of the referent amino acid residue downstream (N-*C) of 

the AAy residue of formula (1) , and n is an integer of 
2-12, with the proviso that if n»2, Z must comprise an 
amidated C terminus of the formula NR'R' wherein at least 
one R' is alkyl containing at least one polar 

3 0 substituent; and 

in general, Z is a noninterf ering substituent. 

AA X and AA 2 must, therefore, be present in the 
compounds of formula 1; AA 3 -AA 12 are optional. AA X and 
AA 2 are relatively precisely defined; however AA 3 -AA 12 
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are, 



generally, L-amino acid residues. The position of 
AA, is also relatively tolerant; therefore, 

AA is a neutral or basic amino acid having a 
free <*- amino Voup in the L- configuration; 

AA, is a neutral or basic L-amino acid residue; 

and 

AA -AA 12 are L-amino acid residues, wherein 
preferably AA 3 is a basic or neutral amino acid residue; 

AA 4 and AA 6 are each independently 
neutral/polar/large/nonaromatic amino acids or AA 4 may be 

a basic amino acid; 

AA 5 and AA X1 are each independently proline or 

small amino acid residues; 

AA ? and AA 10 are each independently acidic 

15 amino acid residues; 

AAg is a basic amino acid residue; and 

AAg and AA 12 are each independently neutral/ 

aromatic amino acid residues. 

The peptide of formula 1 can be extended (shown 
as included in Z) at the C- terminus (but not the N- 
terminus) by further amino acid sequence to comprise a 
noninterfering substituent. 

At the C- terminus of the. compounds of 



35 
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formula 1, the carboxyl group may be in the underivatized 
form or may be amidated; in the underivatized form the 
carboxyl may be as a free acid or a salt, preferably a 
pharmaceutically acceptable salt. 

If the C- terminus is amidated, the nitrogen 
atom of the amido group, covalently bound to the carbonyl 
carbon at the C-terminus, will be NR'R' , wherein each R' 
is independently hydrogen or is a straight or branched 
chain alkyl of 1-6C, such alkyls are 1-6C straight- or 

branched- chain saturated hydrocarbyl residues, such as ^ 

methyl, ethyl, isopentyl, n-hexyl, and the like. 
Representatives of such amido groups are: -NH 2 , -NHCH 3 , 
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-N(CH 3 ) 2J -NHCH 2 CH 3 , -NHCH 2 CH (CH3 ) 2 , and 
-NHCH 2 CH(CH^)CH 2 CH 3/ among others. Furthermore, either 
or both R' may in turn optionally be substituted by one 
or more substituents such as, for example, -OR' , -NR'R', 
5 halo, -NR' CNR' NR'R' and the like, wherein each R' is as 
independently defined above. Thus, Z may be -OH (or an 
ester or salt form), or -NR'R' wherein R' is as above 
defined. 

Preferred embodiments of AA^AAy include GF, 
10 AF, SF, TF, G(pClPhe), A(pClPhe), S (pClPhe) , T(pClPhe), ^ 
GThi, AThi, SThi, and TThi. Preferred embodiments of AA^ 
and AA 2 are large nonpolar amino acids. Preferred 
embodiments for the residues in the remainder of the. 
compound of formula (l) are those wherein AA^^ and AA 2 are 
15 each independently Leu, Val, lie, Cha, Phe, 2-Nal or Tic; 
or AA 3 is Arg, Lys , Orn, Har or Ala. For the remaining 
amino acids, preferred are embodiments wherein AA 4 and 
AA 6 are each independently Gin, Asn or Lys; or AA ? and 
AA 1Q are each independently Asp or Glu; AA g is Arg or 
20 Lys; or AA 12 is Phe and AAg is Tyr; or Z is OH, or NR'R' 
wherein R' is as defined above; or Z further includes 
some or all of AA 13 -AA 1? as defined below. . Particularly 
preferred are compounds of formula (1) which are selected 
£— m the group consisting or~SFLLWPW 
25 SFLLRNPN; SFLLRNP; SFLLRN; SFLLR; GFLLR; TFLLRNPNDK; 
S (pClPhe)LLR; S (Thi) LLR; SFFLR; SFFLRN; SF (Phg) LR; 
SFL (Nal ) RN; SFL (Cha) R; SF(Cha) (Cha)RN; SF(Cha) (Cha)RK; 
SF(Cha) ( Cha ) LRNPNDK ; SFLLKN; SFLL (Har) N; SFLLKN; 
SFF (Cha) AN; and the ami da ted forms thereof, 

30 

B. Antagonists 

Compounds of the invention which interfere with 
platelet activation and other cellular activities 
mediated by the thrombin receptor include the following: 

35 
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t-hrombin receptor which 
1) Antagonists for the throw* * 

represent — * 

ceOT inal -^^Uitors whic* -preset 

5 noncl eava b le and/or ^^T^ — 
e «racellular P=r"on o« * - 

behav e as ecoys ' blc/anionic pwer 

• • J ac^east a portion of the YEPFWEDEE amonxc 
which ■»« a least P ^ behave as decoys 

10 binding exosite region an 

£or circulating thrown; c peptide6 

20 receptor. 

;3ffi2inbjL^^ first group- -modified _ 
antagonists„of . the. Jirst gr p _ _ 

" " ageni^an be represented by th. ferula: 

25 l2) 

• « ac id residue other than Ser, Ala, 

rt.- u « ~ ° r N - acyiacea ^ 

30 acid? „«,tral nonpolar large amino acid 

AAy. is a neutral nonp r , r . f . rably aromatic; 

• ^„ fl evclic portion, prererarjiy <* 
residue containing a cyclx p ye ^ 

35 r^Lrici 9 , residue downstream C~, of - 
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AAy residue of formula (2) and n is an integer of 4-12; 
and 

wherein AA^ and AA 2 are each independently 
neutral or basic L-amino acid residues wherein AA 1 has a 
5 free a -amino group; 

AA 3 and AA g are each independently basic or 

neutral amino acid residues; 

AA 4 and AAg are each independently basic or 
nonaromatic amino acids; 
10 AAg and AA X1 are each independently proline 

residues or small amino acids; 

AA ? and AA 1Q are each independently acidic 
amino acid residues; 

AAg and AA 12 are each independently neutral/ 
15 aromatic amino acid residues; and 

Z is a noninterf ering substituent. 

Preferred embodiments of X include residues of 
3-mercaptopropionic acid (Mpr) , 3 -mercaptovaleric acid 
(Mvl) , 2 -mercaptobenzoic acid (Mba) and S -methyl -3- 
20 mercaptopropionic acid (SMeMpr) . 

Preferred embodiments for this group of anti- 
thrombin activity compounds include those wherein AA X and 
AA 2 are each independently Leu, Val, lie, Phe, Cha f 2-Nal 

" " of~TTcrr^r^ 

25 Orn or Har; or AA 4 and AAg are each independently Lys, 

Arg, Orn, Har, Gly, Gin or Asn; or AA 5 and AA 1X are each 
independently Pro or Ala; or AA ? and AA 1Q are each 
independently Asp, Giu, 0-Asp or 0-Glu; or AA 12 is Phe 
and AAg is Tyr; or Z is OH (or an ester or salt form) , 

3 0 NH 2 , or NR'R' wherein each is independently H or 
straight- or branched- chain alkyl of 1-6C optionally 
substituted as described above. 

Particularly pre-f-erred --embodiments are those 
peptides wherein X is Mpr, S-Me Mpr or Mba, AAy is Phe, 

35 AA X is Cha, and AA 2 is Cha. 
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Particularly preferred are embodiments of AA^- 
» which are encoded by the gene, or wherein AA^ and 
AA 12 wftlcn a Honrlv be cha. Particularly 

AA 2 can each independently be c * class are 

preferred among the antagonist peptides of tn 
, ^ t-vi*a aroup consisting or 

5 those selected from ^J™* ^^mam ; XFLLKNPNDKY; 

™x^-''x X F(cI!^~ X-F(Cha,(Cha,RN^KY 

XFLIi, A « prrha) (Cha)RNPNDKY-NH 2 , X- 

vF(Cha) (Cha)RNPNDKYE-NH 2 , x-F(CnaMu»"» 2 
10 F,C^ Cha.RNPNPK-NH,, X-F(Cha) (Cha) RNPND-NHj , 
X F^ha)(Cha.RN-NH 2 , X-FfChaKCha,^^-^, 

" ^ L X-F(C h a,(Cha.RNP M »K-NH 2 . 

x - F(CnaM mT4 * x F(Cha) (Cha)RKPNEK-NH 2 , and 

X-F(Cha) (Cha)RNPNDA-NH 2 , X-F(CnaM« . I 

Mor-F(Cha) (Cha)RNPNDKY, Mpr-F(Cha) (Cha) RNPNDKYE-NHjji 

-ha,— -NH 2 . «pr-F<Cha, <^™-2' 
: r . F( Cha, (Cha,~,. 

m«v FfCha) (Cha)RAPNDK-NH 2 , Mpr-F (una; ^ 
20 Mpr-F(Cna) n-na; 2 p (Cha) (cha) rnaNDK-NH 2 , 

^ p(cha) (Cha)RKPNDK-NH 2 , Mpr-Ftcnaj v^n*i 2 
MP r Ftc:iaM „ T p(rha) (Cha) RNPNDA-NH 2 » 

Mp.-FCCha) <Cha)R»PADK-^ 2 , ^r-F Cha C ^ ^ 

Mba-F(Cha) (Cha)RKPNDK-NH 2 , and SMewpr 



25 NH 



30 



l 2- 



BlE2Bfii!LJ Se^in inhibitors of group 2 , represent 

bufare nondeavable and/or exhibit enhanced bxndxng 
pities. These compounds are =f the for^ia: 

J-ASy- (Miln-^/^lO:" 1 !!"^ 2 "* 3113 " 2 
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wherein J is a peptide extension of 2-5 amino acid 
residues or an acylated or desamino form thereof. 

In the compounds of formula (3), as above, AAy 
is a neutral nonpolar large amino acid residue containing 
5 a cyclic portion, preferably aromatic; and n is 8 . 

As above, AA represents an amino acid residue 
and the subscript i is an integer denoting position 
downstream from AAy. 

As above, AA^ and AA 2 are each independently 
10 neutral or basic amino acid residues; 

AA 3 and AAg are each independently neutral or 

basic amino acid residues; 

AA- and AA r are each independently basic or 
neutral nonaromatic amino acids; 
15 AA 5 and AA 13 _ are each independently proline 

residues or small amino acids; 

AA ? and AA^q are each independently acidic 
amino acid residues; 

AA g and AA 12 are each independently neutral/ 
2 0 aromatic amino acid residues; 

AA 13 is an aromatic or small nonpolar amino 

acid residue; and 

Z is a noninterf ering substituent. 
— F^f^'tHeWeT^lirdmbi^ 

25 group (2) above, wherein the peptide mimics the thrombin 
receptor extracellular chain but lacks a proteolytic site 
and/or has enhanced binding for thrombin, particularly 
preferred embodiments are those which include downstream 
anionic amino acid residues and wherein J is a peptide 

30 extension of 4-5 amino acid residues. Particularly 
preferred are those wherein the residues immediately 
upstream of AAy have the sequence pro-arg-pro (PRP) 
preceded by ,.j»a.ifluiea selected from the group consisting 
of dipeptide sequences consisting of a 

35 large/nonaromatic/nonpolar/neutral amino acid residue 



conj u g ated throu 9 h a peptide «J » e an r ac - = f 

a addition, where the peptide extension 
>u mediately upstream sequence pro-arg-pro, 
includes the immediately up= .-tension is a D 

tryptophan or phenylalanine, and m particular 
phenylalanine^ ^ ^ ^ ^ ^ or £orm) 

, r« na j aS above, which may 

h^h J selected from the group consisting 
are peptides which are seieccea 

— - »™ ; d t^ th reo f . Also preferred 
t he amidated or ^lated^ «» 9»* MnSiStin9 ° f 
are those which are select . p^gmE, 



twMBMBWWW" ■ ^ PRPFRNPITOKYEPFWEDEEKJ 
't^P— EPFWEPEKKHES . ptp^KVEPFWE™ , 
pCfndkyepfw*™*. F PRPFDKYEPFWEDEEKNES , 

F tM,FRiiSfiSS5aBS. ptp^EPFWEDEEKNES. and 
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F^PRPFEPFWEDEEKNES , and the amidated and acylated forms 
thereof. 



Anion Exosite-Binding Antagonists 
5 Antagonists which represent peptides mimicking 

the binding region of the receptor, YEPFW, optionally 
including the anionic extension (EDEE) thereof (group 3), 
are represented by the formula: 

10 B-AAg -AA 10 • AA ii- A A 12 -AA 13 - Z (4) 

wherein AAg , AA 12 and AA 13 are each, independently, 
neutral aromatic or small amino acid residues, AA-, Q is an 
acidic amino acid residue, AA 1]L is proline or a small 
15 amino acid residue; and wherein B and 2 are 

noninterf ering substituents , typically peptide 
extensions, but can also include noninterf ering organic 
radicals in general. B can also be H or acyl (including 
said peptide extension if present) ; Z may also be OH (or 
an ester or salt form thereof) or NR'R' (also including 
said peptide extension if present) , as set forth 
hereinabove . 

Preferred forms of compounds of formula (4) are 

-----;--thOSe_.whe 

25 or tyr; and AA 1Q is glu, asp, /8-glu or 0-asp. 

Particularly preferred are embodiments wherein AA g -AA 13 

is YEPFW, FEPFW, YDPFW, YEPYW, YEPFY, YEPWY or WEPFW. Z 

may include the peptide sequence EDEE, QDQQ, EDEQ, QDEQ, 

QDEE, EDQE, EDQQ or QDQE. 
30 Preferred embodiments of B include those 

wherein B is H or a peptide extension of 1-4 amino acids 

or the acylated form thereof. 

These antagonists serve as decoys for thrombin, 

thus lowering its effective concentration. 



20 
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Anionic-Bindina Exosite Mimics 

The cationic peptides mimicking a portion of 
the anionic -binding exosite of thrombin (group 4) are of 
the formula: 

5 

B-AA a -AA b -AA c -AA d -AA e -Z (5) 

wherein B and Z are defined as above, and wherein AA a and 

AA £ are each independently hydrophobic amino acids or 

10 basic amino acids, and where each of AA b , AA C , and AA d is 

independently a basic amino acid. 

Preferred are compounds of formula (5) wherein 

B comprises acyl or H; or Z comprises OH (or an ester or 

salt) or NR'R' wherein each R' is defined as above; or 

15 AA and AA are each independently selected from phe, trp 
*" a e 

and ala; or AA b -AA d are each independently selected from 

the group consisting of arg, lys and gin; especially 

wherein AA -AA Q has the sequence WKKKK, KKKKW, QKQQW, or 
a e 

WQKQQ . 

20 The noninterf ering substituents represented by 

B and Z may be further peptide extensions which are 
compatible with the binding pattern of the thrombin 
anionic -binding exosite. As they mimic this capacity of 



t "hr omSE) i n~ t cT bind its substrate, these antagonists are 

25 ooerative by virtue of their ability to bind the relevant 
regions of the thrombin receptor protein, and, in 
particular, the region YEPFWEDEE at positions 52-60, as 
shown in Figure 1. 



30 Antibodies 

Antagonists which are antibodies immunoreactive 
with critical positions of the thrombin receptor 
(group 5) are obtained by immunization of suitable 
mammalian subjects with peptides containing as antigenic 
35 regions those portions of the thrombin receptor intended 
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to be targeted by the antibodies.. Critical regions 
include the region of proteolytic cleavage, the binding 
site at the YEPFWEDEE box, the segment of the 
extracellular segment critical for activation (this 
5 includes the cleavage site) , and the portions of the 
sequence which form the extracellular loops, in 
particular, that region which interacts with the N- 
terminus of the activated receptor extracellular region. 
The agonist peptides of the invention may be used as 

10 immunogens in this case. 

Thus, suitable peptides to use as immunogens to 
prepare the desired antibodies include those peptides 
representing portions of the mature sequence of the 
extracellular region from positions 28 to position 68, at 

15 the C- terminal end of the YEPFWEDEE region. This region 
has the sequence: 

PESKATNATLDPRSFLLRNPNDKYEPFWEDEEKNESGLTEY 

20 and peptides which include the sequence LDPRSFLL (which 

includes the cleavage site) and YEPFWEDEE (which includes 
the binding site) are particularly useful. Alternative 
regions which are useful as immunogens include the 

--segnienT"fepTesene^^ 

25 336-346. These peptides of the sequences, respectively, 
YYFSGSDWQFGSELCR, KEQTIQVPGLNITTCHDVLNETLLEG , and 
EYSFLSHTSTT, represent the proposed extracellular loops. 

The antibodies are prepared by immunizing 
suitable mammalian hosts in appropriate immunization 

30 protocols using the peptide haptens alone, if they are of 
sufficient length, or, if desired, or if required to 
enhance immunogenicity , conjugated to suitable carriers. 
Methods for preparing immunogenic conjugates with 
carriers such as BSA, KLH, or other carrier proteins are 

35 well known in the art. In some circumstances, direct 



conjugation using, for example, carbodiimide reagents may 
I effective; in other instances linking reagents such as 
ehcse sullied by Pierce Chemical Co.. RocMord. IL. may 
L desirable to provide accessibility to the hapten The 
hapten peptides can be extended at the amino or carboxy 
terminus with a Cys residue or interspersed with cystexne 
residues, for example, to facilitate linking to carrier. 
Administration of the immunogens is conducted generally 
by injection over a suitable time period and wxth use of 
suitable adjuvants, as is generally understood in the 
art During the immunization schedule, titers of 
antibodies are taken to determine adequacy of antibody 

formation. . . _ . ^ - 

While the polyclonal antisera produced m this 

way may be satisfactory for some applications, for 

pharmaceutical compositions, use of monoclonal 

preparations is preferred. Immortalised cell lines which 

secrete the desired monoclonal antibodies may be prepared 

using the standard method of Kohler and Milstein or . 

Edifications which effect immortalisation «* 

or spleen cells, as is generally known. The immortalized 

cell lines secreting the desired antibodies are screened 

4 - immunoassay--^^ 
or is the thrombin receptor itself displayed on a 
recombinant host cell. When the appropriate immortalized 
cell culture secreting the desired antibody is 
identified, the cells can be cultured either in xua or 
bv production in ascites fluid. 

The desired monoclonal antibodies are then 
recovered from the culture supernatant or from the 
ascites supernatant. Fragments of the monoclonals or the 
polyclonal antisera which contain the immunologically 
significant portion can be used as antagonists, as well 
as the intact antibodies. Use of immunologically 
reactive fragments, such as the Fab. Fab', of F(ab-) 2 
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fragments is often preferable, especially in a 
therapeutic context, as these fragments are generally 
less immunogenic than the whole immunoglobulin. 

The antibodies or fragments may also be 
5 produced, using current technology, by recombinant means. 
Regions that bind specifically to the desired regions of 
receptor can also be produced in the context of chimeras 
with multiple species origin. 

10 fJnnrleav able Thrombin 

In addition to the foregoing, antagonists 
comprise thrombin mutants lacking proteolytic activity 
that compete with native thrombin for the receptor 
(group 6) . As set forth above, it is understood that the 

15 participants in the proteolytic cleavage site of thrombin 
include the serine residue at B-chain position 205, the 
histidine residue at position 57, and the aspartic acid 
residue at position 99. Mutants of thrombin containing 
replacements for these residues which render the thrombin 

2 0 molecule proteolytically inactive are prepared using 

standard site -directed mutagenesis techniques, and the 
mutant genes used to produce the modified thrombin using 
recombinant techniques. The relevant substi tut ions are 

denot ed~TDy"the~ p^i~ tior^ 

25 residue and followed by the substituted residue. Thus, 
thrombin with serine at position 205 replaced by alanine 
is denoted S205A. 

Preferred Embodiments 

3 0 In both the agonists and antagonists of groups 

(l)-(4) of the invention, some of the preferred 
embodiments of the amino acid sequences are those wherein 
the amino acid in the peptides are ..those encoded by the 
qene. Also included are those wherein one, two, three or 
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more of the a»ino acid residues is replaced hy one which 
is not encoded genetically. 

in more detail, for these preferred 
.t-c ^referred embodiments of AA X and AA 2 are 

^cdi,nents °f *A 3 ^ AA 8 are arg or lys; «P~^ 
^ferred are embodiments wherein AA 3 x. «g — «8 " 
" referred S 
aTas" £ P-^ari, preferred are 

preferred embodiment for AA l2 p 

**» 1S '^erred acyl groups are cf the ferula RCO- 
-5 wherein R represents a straight cr branched chaxn alfcyl 
SC Acetyl is particularly preferred. 
° £ " xn U of the peptides of the invention, one or 

more amide linkages ,-O0-«-) -Y e*ie-"y ^ replaced 
7*1 another linage which is an isoste re such a 
r* e -CH CH,, -CH-CH- (cis and trans) . 
20 -CH 2 NH-, -CH 2 S-. This ^placement can 

,wh - -CHIOHICH,- and -CHjSO . f 
-COCH 2 ' ' 2 * Tn £ol iowing 

v „ 267 (1983) (general review); Morley. J.S., 

™sci (1980) PP. 4«-468 (general review); 
30 a^^jaarm-SSA <«■»> ,1979) 14.177- 

Hudson. D.. et al., Jnr ,T F t 

i«s (-CH.NH-, -CH,CH,-); Spatola. A-F.. et al., HJ 
( CH 2 NH , 2 2 >T Them SOS 

(196 6, 21=124 - -CH ( -cH-CH- , cis and trans.; 
35 Almquist, R.G., ec ax., 
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(-C0CH 2 -); Jennings -White, C et al., Tetrahedron Lett 
(1982) 21:2533 ( - COCH 2 - ) ; Szelke. M. , et al . , European 

Application EP 45665 (1982) CA:9J7:39405 (1982) 
(-CH(OH)CH 2 -5 ; Holladay, M.W. , et al. / Tetrahedron Lett 
5 (1983) 2^:4401-4404 ( - C (OH) CH 2 - ) ; and Hruby, V.J., Life 

Sci (1982) 3_l:189-199 (-CH 2 -S-) . 

Prpnaration nf Pepfi tte Aaonj sts and Ant agonists 

The peptide agonists and antagonists of the 

10 invention can be prepared using standard solid phase (or 
solution phase) peptide synthesis methods, as is known in 
the art. In addition, the DNA encoding these peptides 
may be synthesized using commercially available 
oligonucleotide synthesis instrumentation and produced 

15 recombinantly using standard recombinant production 
systems. The production using solid phase peptide 
synthesis is necessitated if non- gene -encoded amino acids 
are to be included. 

20 PPrnmbinant- Producf inn of Thrombin RecePtQr 

The invention provides recombinant materials 
for the production of thrombin receptor for display on 
the surface of recombinant cells. Production of the 
receptbf- using - these recombinant -methods- provides -a- 



25 useful diagnostic reagent either to determine the level 
of thrombin in biological samples or, more importantly, 
as a reagent to screen candidate substances which affect 

thrombin activity. 

For this recombinant production, a DNA sequence 

3 0 encoding the thrombin receptor, as set forth in Figure l, 
or its degenerate analogs is prepared either by retrieval 
of the native sequence, as set forth below, or by using 
substantial portions of the known native sequence as 
probe, or can be synthesized de novo using standard 

35 procedures. The DNA is ligated into expression vectors 
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suitable for the desired transformed host and transformed 
into compatible cells. The cells are cultured under 
conditions which favor the expression of the thrombin 
receptor encoding gene and the cells displaying the 
5 receptor on the surface harvested. 

* ^rn.hi,, ^ Th^nMn Recenrnr as a Diagnostic and 

Crrpenin q Tool _ 

The availability of the recombinant DNA 
encoding thrombin receptor permits expression of the 
receptor on host cell surfaces, thus making the ce.xs 
available as a tool for evaluating the ability of 
candidate agonists or antagonists to bind to receptor. 

In one type of easily conducted assay, 
competition of a candidate antagonist for binding to the 
receptor with either labeled thrombin, a thrombin agonxst 
or known binding antagonist can be tested. The labeled 
substance known to bind the receptor" can, of course, be a 
synthetic peptide. Varying concentrations of the 
20 candidate are supplied along with a constant 

concentration of labeled thrombin, thrombin agonxst, or 
antagonist, and the inhibition of a binding of label to 

the receptor can be evaluated using known techniques. 

in a somewhat more sophisticated approach, the 
effect of candidate compounds on thrombin- induced 
responses can be measured in the cells recombinant^ 
expressing the thrombin receptor as described below. 
Assay systems for the effect of thrombin on these cells 
include calcium mobilization and voltage clamp which are 
fu-ther described in detail hereinbelow. Other suitable 
endpoints include thrombin- induced phosphoinosxtol 
turnover and inhibition of adenyl cyclase. These assays 
permit an assessment of the effect of the candidate 
antagonist on the receptor activity rather than sxmply 
35 ability to bind to thrombin. 
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niaonosis rardi nvascular Disease 

In one embodiment, the availability of the 
recombinant thrombin receptor protein permits production 
5 of antibodies which are immunospecif ic to the activated 
form of the receptor which can then be used for 
diagnostic imaging of activated receptors in vivo. These 
antibodies are produced either to the activated form of 
the receptor produced recombinantly , or to the peptide 

10 representing the "new amino terminal" peptide described 
in Example 2 below. The resulting antibodies, or the 
immunospecific fragments thereof, such as the Fab, Fab', 
Fab' 2 fragments are then conjugated to labels which are 
detected by known methods, such as radiolabels including 

15 technetium" and indium 111 or other radioactive labels as 
is known in the art. When injected in vivo., these 
antibodies home to the sites of activated receptor, thus 
permitting localization of problem areas which are 
subject to thrombosis. 

20 In another embodiment of diagnosis, the 

presence of the activation peptide in body fluids can be 
detected and measured. Antibodies are made to the 
activation peptide as described above and can be employed 

ih-stahdard E LISA-or-RIA assays- to detect- ex-cess-^mounts- 

25 of the activation peptide in, for example, urine. 

TTfility arH Admin -i st- ration of Antagonists 

The antagonists of the invention are useful 
therapeutically in the treatment of abrupt closure or 
3 0 restenosis in the context of angioplasty; in the 

treatment of unstable angina; and in the treatment of 
myocardial infarction. The peptides of the invention 
....... _..whi_ch behave as antagonists are administered in 

"conventional formulations for systemic administration as 
35 is known in the art. Typical such formulations may be 
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found, for example, in Remington' s Pharmaceutical 
Sciences , Mack Publishing Co., Easton PA, latest edition. 

Preferred forms of systemic administration of 
peptides include injection, typically by intravenous 
5 injection. Other injection routes, such as subcutaneous, 
intramuscular, or intraperitoneal, can also be used. 
More recently, alternative means for systemic 
administration of peptides have been devised which 
include transmucosal and transdermal administration using 
10 penetrants such as bile salts or fusidic acids or other 
detergents. In addition, if properly formulated in 
enteric or encapsulated formulations, oral administration 
may also be possible. 

The dosage range required depends on the choice 
15 of antagonist, the route of administration, the nature of 
the formulation, the nature of the patient's illness, and 
the judgment of the attending physician. Suitable dosage 
ranges, however, are in the range of 0.1-100 fig/kg of 
subject. Wide variations in the needed dosage, however, 
20 are to be expected in view of the variety of antagonists 
available and the differing efficiencies of various 
routes of administration. For example, oral 
administration would be expected to require higher 

~ dosages "than "a intravenous injection. 

25 Variations in these dosage levels can be adjusted using 
standard. empirical routines for optimization as is well 
understood in the art. 

The agonists of the invention are useful in the 
treatment of wounds and in other contexts wherein 
3 0 fibroblast proliferation is useful. Administration of 

these compounds is generally topical and/or localized, in 
- the form of salves, pastes, gels and the like. 
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*V=?pay Systems 

Various assay systems may be used to measure 
the interaction of thrombin with its receptor and the 
affect of various candidate agonists and antagonists 
5 thereon. The role of the thrombin receptor and thrombin 
in platelet aggregation can be measured directly by 
aggregometry or the effect on blood clotting involving 
fibrin may be used as an index. In addition, ATP uptake 
by platelets can be measured. Also useful as a measure 

10 of thrombin receptor activation are assays utilizing 
calcium mobilization or voltage clamp assay in cells 
known to express the thrombin receptor. These latter 
assays are especially useful in recombinant cells 
expressing the thrombin receptor. 

15 Platelet Aggregation : In this assay, washed 

human platelets are prepared by the method of Baenzinger, 
M.G., Meth Enzvmol (1974) 11:149-155, or as described by 
Charo, I. P., et al . , J Clin Invest (1977) 61:866-873. To 
induce aggregation, approximately 1-20 nM thrombin or 

20 EC so of an alternate agonist is used to stimulate 
aggregation in control reactions; the results are 
followed by lumiaggregometry . Candidate agonists at 
various concentrations may be used in place of thrombin 
— to'-srimu-rate— aggregation- Candidate— inhl-bxt-ors-are— added- 

2 5 to the reaction mixture in addition to the thrombin in 

order to assess their ability to prevent aggregation. 

Washed platelets are suspended in modified 
Tyrode's buffer, pH 7.4 with 2 mM magnesium and 1 mM 
calcium at a concentration of 10 8 platelets/ml. The 

3 0 thrombin or test compound is added in a small volume 

(about 2 0 /xL) in 600 mM NaCl, 10 mM MES pH 6.0, 

0.5% PEG 6000 buffer and incubated for 15 minutes at 37°C 

with a platelet suspension. 

Platelet Activation /ATP Secretion: Platelets 
35 prepared as above in 480 /zl of suspension are added to 20 
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ul of phosphate buffered saline containing sufficient 
thrombin to give a final concentration of about 10 nM, or 
an alternate agonist is added at its EC 5Q . About 20 & 
Chromolume* rea gent (Chronolog Corporation, Havertown, 
5 pa) is added. In addition to measuring aggregation, ATP 
secretion is assessed. These results quantitated 
independently measuring changes in luminescence and light 
transmittance in a chronolog dual channel 
lumiaggregometer (Chronolog Corporation) . Platelet ATP 
secretion is measured in a lumiaggregometer as 
luminescence signal. Candidate antagonists which 
putatively interact with thrombin are preincubated with 
the thrombin in 20 /il PBS at room temperature for 5 
minutes before addition to the platelets. Preincubation 
is not necessary for testing agonists or antagonists 
which interact directly with the receptor. 

p-i^lPt Aa q~q*Hon t«*ay TTaina Micrptiter 
pjLa^sa: Thrombin- or agonist -mediated platelet 
aggregation as measured with washed platelets in 96-well 
microtiter plates was performed as described (Fratantoni, 
j c . et al., »" -t rn n Pathol (1990) 31:613-617). The 
ability of hybridoma supematants, purified MoAbs or 

peptide- antagoni-st-s-^-o -block- the thrombin. ..receptor was 

assessed in this assay with various concentrations of 

25 antibodies or antagonists. 

^^.na,n O ^Hno Assay: Fibrinogen clotting 

reactions are performed in a total volume of 300 M l in 
150 mM NaCl, 20 mM Tris, P H 7.4, 10 mM CaCl 2 , 0.5% PEG 
6000 at 37°C and a final fibrinogen concentration of 
30 3.3 mg/ml. Thrombin at 5 nM gives an approximately 
10 second clotting time as measured by a standard 
Fibrosystem* coagulation timer (Fisher Scientific, 

Springfield, NJ) . 

As described above, candidate agonists are used 

35 in place of the thrombin to stimulate fibrant formation; 
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antagonists or inhibitors are added along with the 

thrombin to test their ability to prevent clot formation. 

Calcium Mobil izar inn: Agonist - induced 
45 

increases in Ca release by oocytes expressing cRNA 
5 encoding thrombin receptor were assessed by published 
techniques (Williams, J. A. , et aL, Proc Natl Acad Sci 
USA (1988) 85:4939-4943). Briefly, intracellular calcium 
pools are labeled by incubating groups of 3 0 oocytes in 
300 fxl calcium-free MBSH containing 50 fxC± 45 CaCl 2 (10- 
10 40 mCi/mg Ca; Amersham) for 4 hours at RT. The labeled 
oocytes are washed, then incubated in MBSH II without 
antibiotics for 90 minutes. Groups of 5 oocytes are 
selected and placed in individual wells in a 24 -well 
tissue culture plate (Falcon 3047) containing 0.5 ml/well ' 
15 MBSH II without antibiotics. This medium is removed and 
replaced with fresh medium every 10 minutes; the 
harvested medium is analyzed by scintillation counting to 
determine 45 Ca released by the oocytes during each 10- 
minute incubation. The 10 -minute incubations are 
20 continued until a stable baseline of 45 Ca release per 
unit time is achieved. Two additional 10 -minute 
collections are obtained, then test medium including 
agonist is added and agonist - induced 45 Ca release 
determined. 



2 5 Voltage Clamp: Agonist - induced inward chloride 

currents are measured in voltage -clamped oocytes 
expressing thrombin receptor encoding cRNA essentially as 
previously described (Julius, D., et al, Science (1988) 
24^:558-563) except that the single electrode voltage- 

3 0 clamp technique is employed. 

The following examples are intended to 
illustrate but not to limit the invention. 
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■, r r,Hn» - f -™» Encoding Tpmmbin R*c«ptpr 
in summary, Che human cell lines HEL 
(Papayannopoulou, T. . et al., J . n 1n ffivft (1M7) 
5 79=859-866) and Dami cells (Greenberg. S..M. , ec al. 

B!ocd (1988, 72:1968-1977) were stimuiated with phorbol 
Cristate 13-acetate (PMA) before isolation of mHNA 
f or microinjection into Xenopus oocytes. The • 
which had been injected with these mRNA samples were then 
assayed for cellular calcium mobilization to detect those 
eggs which were expressing the thrombin receptor encoded 
fi y the RNA at their surfaces. After size selection^ 
tL nttNA. a 40 kb mRNA fraction was used for preparation _ 

fa cDNA library. The library was assayed by conversi on 
o£ plasmid DNA. cloned in I^sU. into capped cRKA n an 
in vitro system, and injection of the capped cRNA into 
laT^ytes. An insert in a positive clone was sequenced 
co obtain the cDNA and deduced amino acid sequence shown 
in Figure 1^ ^ ^ harvested 

from female X^us lasvis. and processed using published 
techniques (Coleman. A., in Hames. B.D.. and Higgins. 

j ,i Tnn~r ir M ™ ™« Tmn-nrmr- a Poetical 

jp^aca, IRL Press, pp. 271-302; Williams, J.A., et al., 

*~* *-* » s * < 1988) «'*"»■«»«'•. T ° ™ 

^u7ar cells, oocytes were incubated for 4 hours at 
ET with 1 mg/ml Sigma type II collagenase in modified 
Bart^s solution (MBSH) without calcium, then washed and 
fncU bated overnight at i.-C in MBSH II (MBSH =»t«ni»> l 
; g /ml bovine serum albumin. 1 mg/ml Ficoll, 100 U/ml 
penicillin. 100 /.I/ml streptomycin, and 50 «r/ml 

gentamicin) . 

Dumont stage V oocytes were selected and 
microinjected with SO ml of the mRNA to be tested (1 

„ k. r,H 7 0)- 5 no of cRNA transcribed 

jig/lil in 10 mM Hepes, pH 7.0), = »M 
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from a cDNA encoding a secreted form of alkaline 
phosphatase (generously provided by Dr. S. Udenfriend* 
was coinjected with all mRJJA or cRNA samples as an 
internal standard for selection of healthy oocytes (Tate 
5 S.S., et ai., FA5E5 J (1990) 4:227-231). Microinj ectec 
oocytes were cultured for 48 h at 18 °C in MB SH ZZ in 
individual wells in 9 6 -well . culture plates; the oocyte - 
conditioned medium was then assayed for alkaline 
phosphatase activity as described (Tate et al . , (supra) • 
10 and the "best - expressing 1 ' oocytes were selected for 
functional assays. 

Cytoplasmic and poly A+ RNA were prepared from 
HEL and Dami cells by standard techniques (Sambrook, J. , 
et al., Molecular Cloninc , 1989, Cold Spring Harbor 
15 Laboratory Press, New York) . Poly A+ RNA was 

fractionated by size by centrif ugation through a 10-30% 
sucrose density gradient exactly as described by 
Sumikawa, K. , et al . , Nucl Acids Res (1982) 10:5809- 
5822. Aliquots of each gradient fraction were analyzed 
20 for size by glyoxal gel electrophoresis... The remainder 
cf each fraction was twice ethanol precipitated, and RNA 
dissolved at 1 ms/m1 in 10 mM Hepes , pH 7.0. Aliquots c 
each fraction were assayed in the oocyte system describe- 
above for thrombin receptor activity. 
25 A size- selected cDNA library was synthesized 

from the 4 kb mRNA fraction enriched for thrombin 
receptor activity using the method of Gubler and Hoffman 
( Gene (1983; 2^:263-269). After ligation to BstXI 
adapters (Aruffo and Seed, Proc Natl Acad Sci USA (1987 
3C £4:8573-8577), cDNAs of approximately 3.5 kb or greater 
were selected by acrylamide gel electrophoresis prior tc 
ligation into, the cloning vector pFROG . The pFROG vectc 
was derived from pCDMGXL (a pH4M- derived vector (Aruffo 
and Seed (supra) ) generously provided by C. Spencer Yost 
35 UCSF) by adding a linker inserting a restriction site fc: 
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the rare cutter Mlul next to the Not I site. pFROG placed 
Che cDNA under the transcriptional control of the SP6 RNA 
polymerase promoter and directed the synthesis of a 
hybrid mRNA containing the 5 ' -untranslated region of 
5 xenopus globin followed by message encoded by the cDNA 
insert. 

The ff- coli strain MC1061 was transformed with 
the cDNA library by electroporation, and plated in 50 
pools of 20,000 clones per pool. MC1061 carrying a model 
clone, serotonin ic receptor cDNA in pFROG, was included 
at one clone per 2000 as an internal standard. Plasmid 
DNA was prepared from each pool and made linear by 
digestion with NotI; capped cRNA was produced in vitro 
(Krieg and Melton, MPfh Enzyme! (1987) 155:397-415) and 
assayed for thrombin receptor activity in the oocyte 
system as described above. 

All pools were screened using both the voltage 
clamp and 45 Ca release assay. Of the first five pools 
screened, all showed some thrombin receptor activity; in 
the 45 Ca release assay, thrombin- induced increases in 
45 Ca release ranged from two- to six-fold. The most 
active pool was reflated at approximately 2000 clones per 
plate and rescreened. in the oocyte system. Two of 10 
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pools screened were positive for thrombin receptor 
activity. The most active of these was replated at 300 
clones per plate and the pools rescreened. By 
progressive selection and subdivision of active pools, a 
single clone was identified. 

The 3480-nucleotide cDNA insert was subcloned 
into the Xhol site of pBluescript. Restriction fragments 
of the insert were subcloned into M13 . The cDNA sequence 
was determined twice in each direction (three times for 
the coding region) by dideoxy sequencing. The results 
are shown in Figure l. 
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Figure 1 shows both the nucleotide sequence and 
the deduced amino acid sequence for the thrombin receptor 
protein. Hydrophobic regions, including a putative 
signal sequence and seven transmembrane spans are ■ 
5 overlined. After processing of the signal sequence by 
signal peptidase, it is probable that additional 
processing by proline-directed arginyl cleavage occurs 
between the arginines at positions 27 and 28, which is 
marked on the Figure. Thus, the amino terminus of the 
10 mature protein begins RPESK. . . . Possible asparagine- 

linked glycosylation sites are underlined, and consensus 
polyadenylation regions are in bold. The putative 
thrombin receptor cleavage site at position R 41 /S 42 is 
also marked. 

15 as get forth above, Figure 2 provides a diagram 

of the disposition of the thrombin receptor in the cell 
membrane. As shown in Figure 2, the. amino terminal 
extracellular extension of the intact and unactivated 
thrombin receptor is cleaved by thrombin, exposing a new 

20 amino terminus and releasing the short receptor fragment 
designated the "activation peptide- herein. The newly 
exposed amino terminus_ then functions as antagonist, 
binding to" an "as "yet undefined" reiFon 'of the thrombin 
receptor and activating it. The thrombin receptor is 

25 thus activated by a mechanism analogous to zymogen -enzyme 
conversion. Thus, the thrombin receptor, like other 
receptors which contain seven transmembrane regions, 
contains its own ligand with the N- terminus in the native 

form of S 4 2/ F 43' 

The availability of the human cDNA encoding 

thrombin receptor permitted the retrieval of the 

corresponding murine form. A high degree of homology is .. 

shown at the cleavage site and anion exosite binding 

domain. The homology of these sequences with each other 
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^ with the anion exosite binding do»in of hirudin is 

shown in Figure 3- 

Pvample 2 

,,„,„ I,- -f *-- t»H C .,. e u T,P»-Brq-MB-W 2 
(g F T,r,BW-NH,). 

Starting with paramethylbenzhydrylamine resin • 
v ■„ i 17 meo/q. Applied Biosystems, 
HC1 (0.5 nmol synthesis, 0.77 meq/g, 

ritv CA) was subjected to neutralization with 
Foster City, « «• 3 ^ethylpyrolidinone 
10 diisopropylethylamine (DIEA) i required 
,mmp) followed by washings and addition or tne y 
Tl' aclcs coupled as 1 - hydroxybenzotriazole esters and 
" in order using an Applied siosyst^ OlA 

peptide synthesizer. The Eocamino acids had the 
15 ^Lwing^idechain protection: Ser (OBzl, and Arg 
" \t . Cleavage of the completed peptide resin -a 
Sieved with HT/anisole/nethylethylsulfide (56/6/1 
, to afford the crude peptide which was purified by 

« Q ohase liquid chromatography using a gradient 
20 S'J^Srn wa^r containing 0.1* trif luoroacetic 
acid (TFA) . 
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nn nnryr-r ~P™"in« «ild= 
„ Thrombin F-r-pt.pr cRNA 

Ooc^eTwe^ellcroinjected with 5 ng wxld-type 
Lnr- cRNA (WT) or with 5 ng cRNA encoding a 

thr o^in as "*Jg* oo or oocytes expressing 

position " c wer / chen cultured for 48 hr and 

thrown receptor » 45 determined as 

thrombin or peptide -induced Ca reiea 
described above. Candidate agonists were added at 
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saturating concentrations: thrombin at 250 pM and the 
"new amino- terminal" peptide SFLLRNPNDKYEPF (SFLL 
peptide) at 25 /iM. The control peptide FSLLRNPNDKYEPF 
(FSLL peptide) was added at 100 /iM and elicited no 
5 response. The data shown in Table 1 represent the mean 
+/- SEM of three replicate determinations;, these results 
are representative of those obtained in three or four 
separate experiments. 

10 Table 1 

Fold increase 
45 

Receptor Aaonist m Ca 

15 



WT 


Thrombin 




26 


WT 


"SFLL" peptide 


4 0 MM 


32 


WT 


"SFLL" peptide 


200 fiM 


42 


R41A 


Thrombin 




0 


R41A 


"SFLL" peptide 


200 mM 


53 



20 

The agonist SFLL peptide has no activity on uninjected 
oocytes (not shown) . Qualitatively identical results 

were~~obtal-n-ed~"wh^ 

25 voltage- clamped oocytes was used as an endpoint rather 
than agonist -induced 45 Ca release. 

gyample 4 

Agonist Function of the "New Amino * Terminal n Peptide 
30 for Platelet Secretion and Aggregation 

and Mitogenic Effects 
Washed human platelets were prepared as 
described by Baenzinger, N.G., Meth Enz (1974) 31:149- 
155; and Charo, I. P., et al . , J Clin Invest (1977) 
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£1:866-873. Agonist -induced responses were assessed as 

described above. 

Platelet aggregation in response to l, 10, 20, 
10 0 or 200 ^ peptide S FLLRNPNDKYEPF "SFLL " peptide or to 
5 2 o nM thrombin was measured in a lumiaggregometer, and 
the results are shown in Figure 4A. 

Platelet ATP secretion in response to the 
indicated final concentrations of "new amino- terminal ■ 
peptide was also followed by lumiaggregometry , and the 

10 results are shown in Figure 4B. 

The data shown in Figure 4 are raw tracxngs 
representative of aggregation or secretion responses 
obtained in triplicate for each agonist concentration 
and are representative of results obtained xn more than 

15 five separate experiments. 100% aggregation is 

arbitrarily defined as that occurring in response to a 
saturating concentration of thrombin at one mxnute. 100% 
secretion is arbitrarily defined as the n*xxmal response 
occurring in response to a saturating concentratxon of 

20 nifcin 5 The -new amino terminal" peptide is comparably 
active to 20 ^ thrombin at concentratxons of 100 ,M xn 
loll assays as shown in the figure. The control peptxdes 

™««^^ 
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Activity at concentrations as high as 200 (not shown. . 

in an additional determination, the mitogens 
effects of the agonist peptide were demonstrated using 
CCL-39 ceils. The fi b ro B last cell line CCL-39 was made 
quiescent in serum- free medium and then treated for 48 
hours with the candidate agonist in the presence of 
tritiated thymidine. The incorporation of label ato DN* 
was then determined as TCA- insoluble activity, shown as 
cpm in Figure 5 using standard techniques. The data 
shown in the figure represent the mean of replicate 
determinations plus or minus 9S* confidence. 
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The agonists shown in the figure were: 
None (serum-free); 
10% fetal bovine serum (10% FCS) ; 
100 nM or-thrombin (a-T) ; 
5 1, 10 or 100 /jM agonist peptide of the sequence 

SFLLRNPNDKYEPF (NTP); 
100 /iM "scrambled" agonist peptide, which is 

the foregoing with the N- terminus scrambled 

to FS (FSLL) . 

10 As shown in Figure 5, the NTP at 100 /iM gives 

significant stimulation of growth. Merely switching the 
positions of the first two residues of the agonist caused 
loss of activity. Thus, the agonist peptide not only 
simulates platelet aggregation, but also is useful in 
stimulating fibroblast proliferation, which is useful in 
wound- healing applications. 

Platelet Aggregation Agonists : 

Using the platelet aggregation assay described 
above, the concentration of various peptides required to 
elicit a 50% maximal aggregation was determined. The 
values obtained, shown as EC 50 , are shown in Table 2 in 
micromolar units. 

: 

Agonist Peptides 
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20 



25 



30 



Peptide EC 5Q </zM) 

1. SFLLRNPNDKYE 6.6 

2. SFLLRNPNDK 6.3 

3. SFLLRNPN .7.6 

4. SFLLRNP-NH 2 4.5 

5. SFLLRU-NH 2 1-6 

6. SFLLR-NH 2 ~ 7.5 

7. SFLL-NH-, 146 
3d ^ 
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8. AC - S FLLRNPND YKE 

9. Ac-FLLRNPNDKYEPF 

!0 . FLLENPNDKYE P F 

U. [desaainoSer] -FLLR-NH 2 

5 12. tdesaminoAsn] -FLLR-NH 2 

13* [Methythioacetyll -FLLR-NH 2 

14. [3-Tetrahydrofuranoyl]-FLLR-NH 2 

15. S (N-MePbe) LLRNPNDKYE 

16. DFLLR-NH 2 

10 17. KFLLR-NH 2 

18. FFLLR-NH 2 

ig. [Acm-Cys] -FLLR-NH 2 

20. [Valeryll -FLLR-NH 2 

21. [2-MeButyryl]-FLLR-NH 2 
15 22. [desaminoOrn] -FLLR-NH 2 

23 . [N-MeSer] - FLLRNPNDKYE 

24. [D-Ser] -FLLRNPNDKYE 

25. CFLLR-NH 2 

26. (S-MeCys)FLLRN-NH 2 

20 27. [b-Ala]-FLLR-NH 2 

28. GFLLR-NH 2 

29. TFLLRNPNDK 

30 : " AFLLRNPNDK-YE ' 

31. SALLRNPNDKYE 
25 32. S(D-Pte) LLRNPNDKYE 

33. SLLLR-NH 2 

34. SYLLR-NH 2 

35. S (N0 2 Pbe)LLR-NH 2 

36. S(bomoPhe)LLR-NH 2 
30 37. S(Phg)LLR-NH 2 

38. S(Tic)LLR-NH 2 

39. S (Cha)LLR-NH 2 

40. S(Nal)LLR-NH 2 

41. S (OMeTyx) LLR-NH 2 
'35 42. S(pClPhe)LLR-NH 2 



PCT/US92/01312 

inactive 

796 
Inactive 
920 
237 
366 
1000 
Inactive 
Inactive 
inactive 
Inactive 
WA 
2000 
1500 
WA 
850 
172 
193.0 
129 .2 
99 
7.3 
8.5 
12^.9 



Inactive 
inactive 
inactive 
288 
250 
inactive 
Inactive 
inactive 
140 
42 
46 
8 
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43. S (Thi) LLR-NH 2 7 * 6 

44. SF (D-Leu) LRNPNDKYE Inactive 

45. SF(D-Ala)LR-NH 2 Inactive 

46. SF(b-Ala)LRN-NH 2 Inactive 
5 47. SF(Aib)LRN-NH 2 Inactive 

48. SFDLR-NH 2 Inactive 

49. SF(N-M«Leu)LR-NH 2 >1000 

50. SFHLRN-NH 2 40 • 5 

51. SFALRNPNDKYE 20.7 
10 52. SFWLR-NH 2 24 

53. SFFLR-NH 2 3 • 4 

54. SFFLRN-NH 2 1 - 5 

55. SF(Phg)LR-NH 2 6 - 7 

56. SFPLR-NH 2 22 
15 57. SFGLR-NH 2 95 

58. SFRLR-NH 2 7 ' 4 

59. SFYLRN-NH 2 4 ' 9 

60. SFILR-NH 2 5 - 9 

61. SF(Clia)LR-NH 2 1 - 5 
20 62. SF(Cha)LRN-NH 2 I- 3 

63. SF (Tic) LRN-NH 2 13 -- 3 

64. SFL (D-Leu) RNPNDKYE Inactive 

65. SFLARNPNDKYE Inactive 

— -6€^-S-F-LPR-^H 2 ..Inactive. 

25 67. SFLER-NH 2 Inactive 

68. SFIAR-NH 2 146.4 

69. SFLQRN-NH 2 61 

70. SFLIRN-NH 2 20 • 5 

71. SFLFR-NH 2 17 
30 72. SFLRR-NH 2 1000 

73. SFL(Nal)RN-NH 2 . 7 - 5 

74. SFL(Clia)R-NH 2 6 -° 

75. SF(Cna) (Cna)RN-NH 2 1 - 1 

76. S F ( Clxa ) ( ChA ) LRNPNDK 5 - 4 
35 77. SFLLDN-NH 2 Inactive 



WO 92/14750 -46 

78. SFLL(D-Arg) -NH 2 

79 . SFLLA-NH 2 

80. SFLLLN-NH 2 

81. SFLLQN-NH 2 
5 82. SFLLKN-NH 2 

83. SFLLHarN-NH 2 

84. SFF(CHa)RA-NH 2 

85. SF(Cha) (Cha)RK-NK 2 



594 
137 
44.9 
20.2 
11.1 
3.3 
1.4 
0.82 



Pyample 5 

10 nf T hr - ^-T^..^d P lB rPlpr activation 

^t,i. in trH 1 -™- prides 
Three antagonist peptides of the invention. 

LDPRPFLLRNPNDKYEPFWEDEEKNES (LDPRP peptide) , 
, 5 F^PREFLLRNPNDKYEPFWEDEEKNES (ptpRP peptide, and » 

(Shortened LDPRP peptide) . were tested for their ability 

to inhibit thrombin- induced platelet activation 

Thrombin was incubated with the candidate 

peptide for 5 minutes, then the mixture was added to 
2 0 'washed platelets and platelet activation was <££Z. 

platelet ATP secretion by lumiaggregometry . The mixtures 
added in a total volume of 20 ,1 phosphate buffered 

saline to 480 ,1 of platelets prepared and suspended as 
~ - d ehribed--in-theTe7crIpIISrunder the heading .Assays" 
23 hereinabove, various concentrations o£ the candioate 

peptides were used. The results are shown in Figures 6A. 

6B and SC. The ATP secretion is expressed as a 

percentage of the mean luminescence signal generated by 

Tr* thrombin in the absence of the candidate peptides; 
30 the fibres shown are representative of the results o. 

three replicate experiments. 

Figure 6A shows the results for the LDPRP 

peptide, which shows an IC 50 of approximately 500 nM. 

The LDPRP peotide contains sequences which are 

c H „. h Ehe cleavage site and the putative 
3S representative o: both the cieav« a = 
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chrombin binding sice. Figure 6B shows the results 
obtained fcr the shortened LDPRP peptide; the IC 50 is now 

approximately 200 m** 1 - 

Kowever, as shown in Figure 6C, the F'PRP 
peptide which contains an alternate form of the putative 
cleavage site as well as the putative binding site has an 
IC 50 of approximately 200 nM; this peptide is thus a more 
effective antagonist than either the LDPRP peptide or its 
shortened form. 



Example 6 

Preparation of Thrombin Receptor Antagonist Peptide; 
gypt-hPsis of MT^-Phe- C ha-Cha-Arq-Asn-Pro-Afin-ASP-lVS-QH 
Starting with N-a-Boc-6- (Cl-CBZ) -Lys-O-Pam- 
15 Resin (0.5 mmol , 0.70 meq/g, Applied Biosystems. Foster 
City, CA) , the Boc group was removed with TFA, 
neutralized, washed and the required amino acids were 
added in sequence by coupling as l-hydroxybenzotriazole 
esters employing an Applied Biosystems 431A peptide 
20 synthesizer. The peptide was cleaved from the resin and 
purified by reversed -phase chromatography as described in 
• Example 3 . 

Candidate peptides analogously synthesized were 

cested-in- the pl-atelet-ac-t-iva-t-i-on/agg-r«gation--- J assay-s 

2 5 described above and added at various concentrations in 
the presence of thrombin. The concentration which 
resulted in 50% inhibition of activation or aggregation 
was designated the IC 50 and is shown for the various 
peptides tested in Table 3 in micromolar units. 

30 
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Table 3 
anraooni ■=*• ftrrivitv 



Mpr-FLLRNPNDK 

Mpr - FLLRNPNDKYE - NH 2 

Mpr-FLLR-NH 2 
Mpr-FLLRC-NH 2 
Mpr - FLLRNC - NH 2 
Mpr - FLLRNPNC - NH 2 



Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 
Mpr-F 



Cha) (Cha) RNPNDK 
Cha) ( Cha ) RNPNDKY 
Cha ) ( Cha ) RNPNDKYE - NH 2 
Cha ) ( Cha ) RNPNDKY - NH 2 
Cha) (Cha) RNPNDK -NH 2 
Cha) (Cha)RNPND-NH 2 
Cha) (Cha)RN-NH 2 
Cha) (Cha)RAPNDK-NH 2 
Cha ) ( Cha ) RGPNDK - NH 2 
Cha) (Cha)RPPNDK-NH 2 
Cha) ( Cha ) RKPNDK - NH 2 
Cha) (Cha)RNANDK-NH 2 
Cha) (Cha)RNPADK-NH 2 
Cha) (Cha)RNPNAK-NH 2 



Mpr-F (Cha) (Cha) RNPNDA-NH 2 
Mpr-F (Cha) (Cha)RKPNEK-NH 2 
Mpr-F (Cha) ( Cha ) RKPNDA - NH 2 
[SMe-Mpr] -FLLR-NH 2 
[Cam- Mpr] -FLLR-NH 2 
Mvl - FLLR - NH 2 
Pivaloyl - FLLR-NH 2 
(SMeMpr) -F(Cha) ( Cha ) RKPNDK - NH 2 
(2-Mba) -F(Cha) (Cha) RKPNDK -NH 2 
Mpr-F (Cha) ( Cha ) RKPND - OH 



IC 



50 



(fiM) 



80 
108 

200-400 
500-1000 
500-1000 
400 

30 

40 

80 

75 

25 

50 
100 

40 

20 
>100 
5 

75 

75 
>100 

"To 

10 
50 

500-1000 
1000 

500 
1000 



10 



50 
10 



35 



WO 92/14750 PCT/US92/01312 

-49- 

As shown in Table 3, substitution of the amino 
acid Cha for the leucine and Lys for Asn residues 
improves the antagonist activity. 

5 Example 7 

npn qr^-ion of Active-site Thrombin Mutants 

Oligonucleotide-directed mutagenesis (Kunkel, 
T.A., et al., N^h Enzvmol (1987) 154: 367- 383 ) was used 
to generate the active-site residue substitutions S205A 

10 and D99N/S205A in a native prothrombin cDNA cloned into a 
Bluescript SK-plasmid vector system (Stratagene, La 
Jolla, CA) . After confirmation by DNA sequencing, DNA 
coding for prothrombin with the desired mutation (s) in 
the thrombin active site as well as native prothrombin 

15 cDNA were subcloned into a pBJl expression vector 

(derived from pcDL-SRor296 ) (Takabe f Y. , et al . , Mol Cell 
Biol (1988) £:466-472) and cotransf ected into 
dihydrof olate reductase (DHFR) -minus CHO cells by 
lipofection (Feigner, P . , et al., PrQC Natl fiC^d Sgi T JSA 

20 (1987) £4: 7413-7417) with a DHFR selection marker in 

pSV2D (Sabramani, S., et al.., Mol Cell Bjpl (1981) 2:854- 
8 64) . Stable transf ectants were isolated and gene 
amplification was accomplished in 80 nM methotrexate. 
R e comb i nan t ~~p ro t hr omb i n_ p rodu cj; i on __wa s 

25 determined by ELISA and Western blots and the highest 

2 

yielding clones were grown to confluence in a 24,000 cm 
surface cell "factory" (Nunc, Inter Med, Naperville, ID 
in MEM a-nucleoside-def icient medium with 80 nM 
methotrexate, 100. units/ml penicillin, 100 M9/ml 

30 streptomycin, 25 mM Hepes buffer, 5 \l<$/vS1 vitamin K, 

0.2 mg/ml proline, and 10% dialyzed bovine calf serum. 
Upon reaching full confluence, all medium was removed, 
all growing surfaces washed six times with phosphate- 
buffered saline to remove contaminating bovine 

35 prothrombin and thrombin, and cells were grown in MEM 
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, •„ H^icient medium containing 100 units/mi 
a-nucleoside-deficient: me buffer, 

• -inn nnn ucr/ml streptomycin, 25 mw 
penicillin. .00 «/ i insulic and 

5 ug/ml vitamin K, 0.^ m 9' uu * 
5 Mg/ ml transferrin for 3MS ^ ^ 
Conditioned medium was cleared o 
• v, «nt-fugation and filtration, diluted *.l 
debris by cent-fugatio ^ c±trace 

ma rfp to 10 mM Tns-HCl, pa /•*» 
water, made co 10 overn ight at 4-C with 

(final concentration) and removed by 

and stirrea lecte d in a 10 ml column and 

-5 confining recombinant prothrombin identified y 

' dieted co an 

of i no ua/ml S205A mutant 
estimated concentration of 100 W 7>4f 0 . 5% 

« e-o Man 10 inM Tris ^ 
prothrombin m 150 mH NaCl. 1 comple x 

20 peg 6000 and treated for 1 hr with P _ 

as previously -^rTr^'c^ed'toTr 
^ iS * ^ - mutant thrcmbir.- 

~ - treated with 

pvress of (o-amidinophenyl) 

^ 7 □ but has a half -lite ui VJi - kJ --r 
30 thrombin at pH 7.0 but n APMSF- treated 

« o n For this reason, the pa °i 

1S min co eliminate all APMSF. ^ 
The •"«* nc thrombin-containing s 
35 then changed co pH 6-0 by addition of IN HC1 and 
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overnight ac 4°C with 1% (v/v: S-Sepharose. The 
S-Sepharose was collected in a 10 ml column, washed with 
15CT mM NaCl, 10 mM MES , pH 6 . 0 and subsequently eluted 
with 600 mM NaCl , 10 mM MES, pH 6.0, 0.5% PEG 6000 in 
5 1 ml fractions. Positive fractions were identified by- 
Western blot with ant i- human thrombin antiserum and the 
concentration and purity of recombinant S205A or 
D99N/S205A thrombin preparations were determined by 
Coomassie and silver- stained SDS-PAGE gels. The mutant 
10 thrombin preparations used in these studies appeared 
homogeneous on silver- stained SDS-PAGE gels. 

Example 8 
Fibrinogen Clotting Assay 
15 Fibrinogen clotting activity was measured by a 

standard Fibro System® coagulation timer (Fisher 
Scientific, Springfield, NJ) as the time required for 
varying thrombin concentrations to generate a fibrin 
clot. All fibrinogen clotting reactions were performed 
2C in a total volume of 3 00 /xl, in 150 mM NaCl, 20 mM Tris, 
pH 7.4, 10 mM CaCl 2 , 0.5% PEG 6000 at 37°C with a final 
fibrinogen concentration of 3.3 mg/ml. Both standard WT 
and recombinant WT showed identical curves e .g . , about 

1 ° _ s JL^J^L _ c 1 ott ing times at 5 nM. Nei ther S205A nor 

25 D99N/S2 05A were able to induce clotting. 

Example 9 

Platelet ATP Secretion and Aggregation Studies 
Washed platelets were prepared as described 
3 0 above and suspended in modified Tyrode' buffer, pH 7 . 4 
with 2 mM magnesium and 1 mM calcium at a concentration 

Q 

of 10 platelets/ml. All platelet studies were performed 
in a total volume of 500 /xl with 2 0 /il Chromolume* 
reagent (Chronolog Corporation, Havertown, PA) . Platelet 
3 5 ATP secretion and aggregation were quantitated 
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• „ ,i„n n es in luminescence and 

licrht transmittance, * flraHnr 

c 00 ul of piatexecs 

/«.c with is ° f dilu " d S205A S " CX " 

10 alone and then cha " eng ATP seC retion and 

final concentration) . secon ds after thrombin 

agg regation were foUowe - - n - ata are expressed as a 

addition. Platelet lumi nes=en=e signal, 

percentage of maximum * fined ^ ^ ^ 

1S obtained 30 seconds after add are 

shown in Figure /. * representative of 

three replicate leasing 
three replicate experime - As sh^ 

20 concentrations of S20SA C Dlace i e t secretion. 

'- hr ° riir - ,, an additional determination it 

• « m that 400 nM S205R thrombin right-shi.ts the 
2S !F igure 8) that " Mtlve chromb in by 

dose response of P*" el " S deteminat ion. 16 Ml of 
approximately 1 log- „ g _ „. s% PEG 6000 

TtTJVl vTa al ooncentration of ,00 nM, or 

buffer to give id linM) were 

30 an platelets for 15 minutes at 

incubated with 500 |U « t indicated 
3,.c. Platelets were then s "™ lated /"* et xtp 
£ inal concentrations of a-thrombin; p at 1 X 

secre tion and ^^J^ reflect the 
35 after thrombin addition. 
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maximum initial race of platelet ATP secretion, 
specifically, the maximum rate of platelet ATP secretion 
occurring within 30 seconds of agonist addition and 
before any aggregation was detected. Thus, the platelet 
5 ATP secretion rates reported represent only agonist - 
induced and not aggregation- induced responses* Curves 
from three replicate experiments are shown' in Figure 5. 
One arbitrary unit corresponds to 3 3 pmoles of ATP 
released per second based on calibration with ATP 
10 standards. 

An additional experiment shows S205A thrombin, 
inhibits the extent of native thrombin- induced platelet 
secretion. Platelets were preincubated with various 
concentrations of S205A, then stimulated with native 

15 thrombin (1 nM final concentration) . To prevent 
aggregation- induced secretion, platelets in these 
experiments were suspended to a final concentration of 
2 x 10 7 platelets/ml and were not stirred after the 
addition of native thrombin. Under these conditions, 

20 platelets did not aggregate but did secrete ATP in 
response to thrombin. Platelet secretion rate is 
expressed in arbitrary units as defined above. Figure S 
shows tracings of platelet secretion curves, and are 
— representative—of the -results --obtained"in^4iree~repl-i--cate- 

25 experiments. The decrease in luminescence seen in the 

control curve (0 nM S205A thrombin) is characteristic of 
the assay and may represent end-product inhibition of 
lucif erase. 

However, S2 05A thrombin does not inhibit ATP 
3 0 secretion induced in platelets by stimulation with 
agonist peptide or a calcium ionophore. 
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pvample 10- 

PrgsaratLign-^ Antibodies 
The oeotides representing portions of the 

" " =rHno terminal extension were used as 

« M I'TZZ po ^-l antisera and 

5 immunogens to prepare t>u / 

antibodies^ pESKATWATLDPRSFLLC (CM cleava 9 e 

sice peptide. and Che peptide YEPFWEDEEKNESGLTEYC .the 

sice pepciae. „ n ,i de) were used to generace 

10 :C - vacicn assay descried above. 

e I "-Kin, activation. The polyclonal 

effect- = „ rion wllicll is irrrounoreaccive wich the 

antibody preparation whic incubaC ed with 

anion exosice domain pe ^ . ^ 

15 che placets prior ; che^dd x _ reversed by 

.oncentracion was adde* 

^1047 at a l ! 00 dilution almost completely 
360 ." Abl047 at a l.-oo ion o£ the platelets. 

20 •„= fhP cleavage site and the 

T^Tr-cm tfc which contains the cieavay 

EKNESGLTEC wnic- receptor was also 

- j £sz a ttr^ — r:rr n^: 

^ =r -he carboxyl terminus of the nat-ve 
25 residue a ^ ched co keyhole limpet 

se ^en=e wa cova en ly ^ ^ ^ 

" el el J-^-'^TT 

speciri (Su ifo-MBS, Pierce Chemical Co.). 

succinimide ester (Sulfo MB ? conjugate , this 

30 Following dialysis of the pept 

STSJirS." - were fused with „ 

3S for their ability to crcssreacc with the native 40 
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residue peptide used for the immunization as well as 15- 

residue peptides which span the length of the 40-residue 

sequence in ELISA assays. Only IgG- specific clones were 

investigated further. Positive hybridomas were then 

tested for their ability to block thrombin- induced 

platelet aggregation in the microtiter plate shaker 

assay. Finally, positive hybridomas were reassayed with 

the ELISA assay using the 40-residue peptide under 

increasing salt washing conditions to choose 6 hybridomas 

with apparent high affinity. The 6 hybridomas were 

subcloned by limiting dilution resulting in clones 4-2, 

10-6, 31-2, 33-1, 61-1, and 62-5. 

Each of the clones was used for the production 

7 

cf ascites fluid by intraperitoneal injection of 1 x 10 . 
cells/mouse cells. Ascites fluid rich in IgG was 
purified on protein A-sepharo9e, as the therapeutic 
potential of IgG is greater than IgM. The ability of 
each of these purified monoclonal antibodies to inhibit 
thrombin- induced platelet aggregation (using thrombin as 
agonist) was evaluated in washed platelets and is shown 
in Table 5. The IC 5Q s for these MoAbs ranged between 
2.5-20 of purified IgG, 

Table 5 



Inhibition of Platelet Aggregation bv Antibodies 

JC Z0 f"cr/ml Washed 
MoAbft pjatelgtg? 
4-2 10-20 
10-6 >20 
31-2 2.5-5.0 
33-1 2.5-4.0 

61- 1 2.5-5.0 

62- 5 10-20 
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CLAIMS 

, a DHA molecule comprising an 
syste m capable, when -o — 

h - t ; i r he ^ hromLn receptor operably linKed to a 
, A recombinant host. cell transformed with 

10 

the expression system of claim 1. 

3 A method to produce cells that express 

„„ „ ch eir surface, which method 
human chroma n receptor at ^ ^ cofflJicions 

thrombin receptor. 

4 A method to determine the thrombin agonist 
20 activity of 'a candidate substance, which method 

incubatin 9 the cells of ^^^T 

, of the substance, and 

25 ^ atSen ; n T» S the presence, absence or amount of 
■ r -JVt the thrombin receptor produced on said 
activation of tne tnr absence of said 

cells in the presence as compared to the 

substance . 

30 * ».« access the ability of a 

5 a method to assess 

candidate stance to behave as a thrombin anta 3 onist. 

- hiCh ^ncu^rthe cans of claim 2 which have beS 
35 cultured under conditions which effect the expression of 
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the DNA encoding the thrombin receptor in- the presence of 
thrombin or a thrombin agonist and in the presence and 
absence of said candidate, and 

measuring the activation of the thrombin 
5 receptor on the surface of said cells in the presence and 
absence of said candidate, whereby a decrease in said 
activation in the presence of the candidate indicates the 
antagonist activity of the candidate, or 

incubating the cells of claim 2 which have been 
10 cultured under conditions which effect the expression of 
the DNA encoding the thrombin receptor in the presence of 
thrombin, a thrombin agonist or a known thrombin 
antagonist and in the presence and absence of said 

candidate, and 

15 measuring the binding of said thrombin, 

thrombin agonist or known thrombin antagonist to the 
surface of said cells, in the presence and absence of said 
candidate, whereby a decrease in said binding in the 
presence of the candidate indicates the antagonist 

20 activity of the candidate. 

6. An antibody composition specifically 
immunoreactive with human thrombin receptor protein or a 

- por-t-i-GH— thereof-. 



25 



30 



7. The antibody composition of claim 6 
wherein said portion is the thrombin -binding portion, or 
wherein said portion is the thrombin protease target 
portion, or which antibody is specifically immunoreactive 
with activated thrombin or receptor or is specifically 
immunoreactive with at least one extracellular loop of 
thrombin receptor, or is specifically reactive with the 
cleaved activation peptide of the thrombin receptor.^ 



35 
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8 . A method to localize activated thrombin 
receptors in situ, which method comprises: 

administering to a subject harboring activated 
thrombin receptor an amount of antibody specific to said 
5 activated receptor effective to bind to said activated 

receptor, and 

detecting the location of said antibody. 



10 



15 



20 



25 



30 



g. A method for diagnosis of thrombosis in a 
mam malian subject, which method comprises: 

contacting a sample of the biological fluid of 
said subject with a detection system which measures the 
presence, absence or amount of the cleaved activation 
peptide of the thrombin receptor; and 

detecting the presence, absence or amount of 

said cleaved peptide. 

10. A peptide capable of activating thrombin 
receptor, which peptide is of the formula 

AA x -AA y -(AA i ) n -Z < 1} 

wherein AA is a small amino acid or threonine, 



and A^v ^ a neutral/nonpolar/aromatic amino acid residue 
or is a neutral/nonpolar/large/nonaromatic amino acid 

containing a cyclic portion; 

wherein AA represents an amino acid residue ana 
t he subscript i is an integer which denotes the position 
of the referent amino acid residue downstream (N-C) of 
the AAy residue of formula (1) , and n is an integer of 
2 - 12 * 

with the proviso that if n-2. Z must be of the 
formula NR'R' wherein at least one R' is alkyl (1-6C) 
containing at least one polar substituent ,- 
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AA 1 is a neutral or basic amino acid having a 
free ar-amino group in the L-conf iguration; 

AA 2 is a neutral or basic amino acid residue in 
the L-conf iguration; 
5 AA 3 -AA 12 are L- amino acid residues; and 

Z is a noninterf ering substituent. 

11. The peptide of claim 10 wherein AA X is 
ser, ala, gly or thr, or wherein AA X and are 

10 neutral /nonpolar/large amino acids, or wherein AA 3 and 

AA 8 are present and are each independently Arg, Lys, Har 
or Ala, or wherein Z comprises OR', or NR'R' wherein each 
R' is independently H or is a straight or branched chain 
alky 1 of 1-6C, wherein each R' may optionally be 

15 substituted with one or more substituents selected from 
the group consisting of -OR', -NR'R', and -NR' CNR' NR' R' 
wherein each R' is H or is a straight or branched chain 
alkyl of 1-6C. 

20 12. The peptide of claim 10 which is selected 

from the group consisting of SFLLRNPNDKYE; SFLLRNPNDK; 

SFLLRNPN; SFLLRNP; SFLLRN; SFLLR; GFLLR; TFLLRNPNDK; 

S(pClPhe)LLR; S (Thi ) LLR; SFFLR; SFFLRN; SF (Phg) LR; 
"" T "SFL(Nal)RN; SFL (Cha)R; SFCT2fiaTTCfiaTRN7 

25 SF(Cha) (Cha) LRNPNDK; SFLLKN; SFLL (Har ) N ; SFLLKN; 

SFF(Cha) AN; SF(Cha) (Cha)RK; and the amidated forms 

thereof - 



30 



13 . A peptide capable of inhibiting the action 
of thrombin in vivo which peptide is of the formula 



X-AAy- (AA i ) n - 



(2) 
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wherein X is an amino acid residue other than 
ser, ala, thr, cys or gly or is a desamino or acylated 
amino acid, 

wherein AAy is a neutral, nonpolar, large ammo 
5 acid residue containing a cyclic portion, and 

wherein AA represents an amino acid residue and 
the subscript i is an integer which denotes the position 
of the referent amino acid residue downstream (N-C) of 
the AAy residue of formula (2) and n is an integer of 
10 4-12; and 

wherein AA X and are each independently 
neutral or basic L-amino acid residues wherein AA X must 
have a free or -amino group; 

AA 3 is a basic or neutral amino acid residue; 
1S AA 4 i S a basic or nonaromatic neutral amino 

acid; and 

Z is a noninterfering substituent. 



20 



25 



30 



35 



14. The peptide of claim 13 wherein X is Mvl, 
Mpr, Mba, or SMeMpr, or wherein AAy is aromatic, or 
wherein AA, and AA 2 are each independently Leu, Val, He, 
Cha, Nal or Tic, or wherein AA 3 , and AA g when present, 
are each independent-l-y-Arg-, Xys., ..Orn..o.r_Har.,^ wherein 
AA 4 , and AA 6 when present, are each independently Lys, 
Arg Gly, Gin, Asn, Orn or Har, or wherein AA ? and AA 10 , 
when present, are each independently Asp, Glu, 0-Asp or 
0-Glu, or wherein AA 12 when present is Phe and AAg when 
present is Tyr, or wherein Z comprises OH or an ester or 
salt thereof, or NR'R' wherein each R' is independently H 
or is a straight or branched chain alkyl of 1-6C, wherein 
each R' may optionally be substituted with one or more 
substituents selected from the group consisting of -OR', 
-NR'R', and -NR' CNR'NR' R' wherein each R' is H or is a 
straight or branched chain alkyl of 1-6C or wherein Z 
includes a peptide extension of 1-5 amino acid residues. 
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15. The peptide of claim 14 which is selected 
from the group consisting of XFLLRNPNDKYEPF ; 
XFLLRNPNDKYEP; XFLLRNPNDKYE ; XFLLRNPNDKY; XFLLRNPNDK; 
5 XFLLRNPND; XFLLRNPN; XFLLRNP; XFLLRN; XFLLR; XFLL; XFL; 
X-F(Cha) (Cha)RNPNDK, X- F (Cha) (Cha) RNPNDKY, 
X-F(Cha) ( Cha ) RNPNDKYE , X-F(Cha) ( Cha ) RNPNDKY , 
X-F(Cha) (Cha)RNPNDK, X-F (Cha) (Cha) RNPND, X-F (Cha) (Cha) RN, 
X-F(Cha) ( Cha ) RAPNDK , X-F(Cha) (Cha) RGPNDK, 
10 X-F (Cha) ( Cha ) RKPNDK , X-F (Cha) ( Cha ) RNANDK , 
X-F (Cha) ( Cha ) RNPADK , X-F (Cha) ( Cha ) RNPND A , 
X-F(Cha) (Cha) RKPNEK, and X-F(Cha) (Cha) RKPNDA; and the 
amidated or acylated forms thereof. 

15 16. A thrombin inhibitor which is a peptide of 

the formula: 

J-AA y -(AA i ) n -AA 9 -AA 10 -AA 11 -AA 12 -AA 13 -Z (3) 

20 wherein J is a peptide extension of 2-5 amino 

acid residues or an acylated or desamino form thereof; 

AAy is a neutral nonpolar large amino acid 
residue containing a cyclic portion; 

n is 8; 

25 AA represents an amino acid residue and the 

subscript i is an integer denoting position downstream 
from AAy; 

AA X . and AA 2 are each independently neutral or 
basic L- amino acid residues; 
30 AA 3 and AA g are each independently neutral or 

basic amino acid residues; 

AA 4 and AA 6 are each independently basic or 
neutral nonaromatic amino acids; 

AA 5 and AA 1X are each independently proline 
35 residues or small amino acids; 
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AA, and AA 10 are each independently acidic 

— ^ZZ 12 are each independency neutral, 
_tic amino ^residue, ^ ^ ^ _ . 

small nonpolar amino acid residue; and 

Z is a nonintertering substituent. 

17 The peptide of claim 16 wherein said 
10 peptide extension represented by J i**— 

t its C- terminus, or wherein J comprises an N- 

Ilinal seance ^^^^^t^ a 

Im^act/resiL. or wherein 

S Pt ann ^ ~ ~* independently Asp, Olu. or „- 

herein ^ is « - ^"LT^ 

is Trp , or wherein Z comprises OH or an ester 
AA 13 is Trp, ^ Rf . s independently H 

salt thereof, or NR R wnerex wherein 
nr is a straight or branched chain alkyl of 1-6C. where 
each R may optionally he substituted with one or more 
^tituents selected fro, the group con* xstxng o f -OR . 
-NR' R' / and -NR' CNR' NR' R' wherexn each R xs H or x 
straight or branched.-chain-alkyl...of . 1-6C 
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18 . A peptide capable of inhibiting the action 
of th ro^in in which peptide is of the formula 

B-AAg-AA^-AA^-AA^-AA^-Z <«> 

wherein B and Z are noninterf ering 

substituents, and 

wherein AA g , AA l2 and AA 13 are each, 

i. proline or a small amino acid residue. 



WO 92/14750 



-63- 



PCT/US92/01312 



19. The pepcide of claim 18 wherein B 
comprises H or acyl, or wherein B comprises a peptide 
extension of 1-4 amino acids, or wherein Z comprises OH 
5 or an ester or salt thereof, or NR'R' wherein each R' is 
independently H or is a straight or branched chain alkyl 
of 1-6C, wherein each R' may optionally be substituted 
with one or more substituents selected from the group 
consisting of -OR' , -NR'R', and -NR' CNR'NR' R' wherein 
10 each R' is H or is a straight or branched chain alkyl of 
1-6C, or wherein AA 13 is Phe, Trp or Ala, or wherein Z 
comprises the sequence EDEE, QDQQ, EDEQ, QDEQ, QDEE, 
EDQE, SDQQ or QDQE. 

15 20. A peptide capable of inhibiting the action 

of thrombin in vivo , which peptide is of the formula 

B-AA a -AA b -AA c -AA d -AA e -Z (5) 

20 wherein AA & and AA e are each independently 

hydrophobic amino acids or basic amino acids and wherein 
each of AA b# AA Q and AA d is independently a basic amino 
acid or a large/polar/nonaromatic amino acid, and 
wfi«feT[r^~M 

25 substituents. 

21. The peptide of claim 20 wherein B 
comprises acyl or H, or wherein Z comprises OH or an 
ester or salt thereof or NR'R' wherein each R' is 

3 0 independently H or is a straight- or branched- chain alkyl 
of 1-6C, wherein each R' may optionally be substituted 
with one or more substituents selected from the group 
consisting of -OR', -NR'R', and -NR' CNR' NR' R' wherein 
each R' is K or is a straight or branched chain alkyl of 

3 5 1-6C, or wherein AA a and AA e are each independently 
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selected from Phe, Trp and Ala, or wherein AA b -AA d are 
each independently selected from the group consisting of 
Arg, Lys and Gin, or wherein AA a -AA e has the sequence 
WKKKK, KKKKW, QKQQW, or WQKQQ • 

22. A mutant recombinantly produced thrombin 
which differs from wild- type thrombin b chain at 
position 57 and/ or 99 and/or 205. 

23 . A DNA molecule comprising an expression 
system capable, when transformed into a recombinant host, 
of producing the thrombin of claim 22 in said host, which 
expression system comprises a DNA sequence encoding the 
thrombin of claim 22 operably linked to a heterologous 

15 control sequence operable in the host. 

24. A recombinant host cell transformed with 
the expression system of claim 23. 

25 . A method to produce a mutant - recombinantly 



10 



20 



25 



produced thrombin which differs from wild- type thrombxn b 
chain at position 57 and/or 99 and/or 205, which method 
comprises culturing the cells of claim 24 under 
conditions favorable for expression and, 

recovering the thrombin from the culture. 

26. A pharmaceutical composition useful for 
wound healing which comprises an effective amount of the 
peptide of claim 10 in admixture with at least one 
30 pharmaceutically acceptable excipient. 
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27. A pharmaceutical composition useful for 



treatment of conditions mediated by unwanted thrombin 
activity which comprises the peptide of claim 13 or 16 or 
the antibody composition of claim 6 in admixture with at 
5 least one pharmaceutically acceptable excipient. 
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